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INTRODUCTION  AND  GENERAL  ACCOUNT 

OP  THE  WORK 

During  1906  the  system  of  quarterly  reports  which 
was  referred  to  in  the  Introduction  of  the  last  Annual 
Report  has  been  continued  with  the  view  of  bringing  the 
more  important  matters  dealt  with  in  the  laboratory 
before  the  notice  of  the  Scientific  Sub-Committee  with  as 
little  delay  as  may  be,  and  has  also  served  to  keep  the 
Committee  generally  better  informed  as  to  the  progress  of 
the  scientific  work. 

The  Board  of  Agriculture  and  Fisheries  have  sent 
various  specimens  to  the  Liverpool  laboratory  to  be 
examined.     Their  Inspectors  have  visited  the  laboratory 


more  than  onoe  during  the  year,  and  a  report  on  the  work 
carried  out  has  been  furnished,  at  their  request,  to  the 
Board. 

A  considerable  part  of  the  work  is  of  a  routine  nature 
and  does  not  differ  much  from  that  reported  on  last  year. 
Mr.  Scott  has  been  chiefly  occupied  at  Piel  with  flat-fish 
hatching,  with  the  fisheries  classes,  and  with  making  as 
complete  an  estimate  as  possible  of  the  minute  floating  life 
in  the  sea  all  over  the  district.  Mr.  Johnstone's  chief 
work  has  been,  as  usual,  the  conducting  of  the  fishermen's 
classes  at  Piel,  the  bacteriological  examination  of  samples 
of  shellfish,  as  required,  and  the  investigation  of  the 
parasites  and  diseases  of  fish  in  the  Liverpool  laboratory. 
The  marked  fish  experiments,  the  Hensen  net  experiments 
and  the  collection  of  the  hydrographic  samples  have  also 
occupied  part  of  the  time  of  both  Mr.  Johnstone  and 
Mr.  Scott.  Some  of  these  lines  of  inquiry  will  be 
commented  upon  now,  and  others  will  be  found  discussed 
more  fully  in  the  sections  of  the  report  that  follow. 

Flat-Fish  Hatching. 

Mr.  Scott's  report  shows  that  nearly  14  millions  oi 
plaice  and  flounder  fry  were  distributed  last  season.  As 
I  have  already  pointed  out  on  previous  occasions,  our 
numbers  in  this  output  do  not,  and  cannot,  increase.  The 
really  quite  inadequate  provision  of  tanks  at  Piel  is 
strained  to  the  uttermost,  as  many  plaice  and  as  many 
flounders  are  accommodated  as  can  possibly  be  kept 
healthy.  I  am  satisfied  that  Mr.  Scott  is  doing  all  that 
can  be  done  in  the  matter,  and  that  until  a  spawning  pond 
and  a  better  equipment  of  hatching  tanks  is  provided  there 
is  no  hope  of  increasing  the  output. 

I  may  remind  the  Committee  that  in  the  Port  Erin 
Hatchery  we  have  a  second  establishment  adding  annually 


to  the  stock  of  young  flat-fisli  in  the  Irish  Sea.  Last 
spring  over  five  million  plaice  fry  were  hatched  from  six 
million  eggs  and  were  successfully  set  free  in  the  open 
sea  to  the  south  and  west  of  the  Isle  of  Man. 

As  before,  a  certain  number  of  the  larva)  have  beeu 
left  throughout  the  summer  in  the  open-air  spawning 
pond  at  Port  Erin  and  reared  through  their  metamorphosis 
into  young  plaice.  It  is  very  interesting  to  note  that 
of  these  young  fishes,  all  of  the  same  age,  while 
those  left  in  the  larger  pond,  under  more  natural 
conditions,  had  attained  by  September  (say  five  months' 
growth)  a  size  of  up  to  nearly  five  inches  in  length  (the 
average  of  12  being  3^  inches),  a  few  that  had  been  placed 
on  exhibition  in  the  Aquarium  in  a  white  enamelled 
basin,  although  regularly  fed,  in  the  same  time  grew  to 
only  one  inch.  A  few  thousand  put  in  the  smaller 
western  part  of  the  pond  were  sampled  on  October  3rd, 
162  days  after  hatching.  Twelve  taken  at  random  varied 
in  length  from  1^  inch  to  2^  inches,  the  average  length 
being  If  inch. 

The  classes  for  fishermen  at  Piel  laboratory  have  been 
held  as  usual,  and  with  the  usual  success.  The  details 
are  given  in  Mr.  Scott's  Eeport  below. 

Sea-Fish  Hatching  in  Norway. 

I  print  two  interesting  statements  sent  to  me  by 
Captain  Dannevig  and  Mr.  K.  Dahl,  dealing  with  the 
supposed  results  of  adding  artificially  hatched  cod  larvae 
to  certain  Norwegian  fjords.  These  investigators  not  only 
write  from  very  different  points  of  view,  but  unfortunately 
they  do  not  deal  with  exactly  the  same  series  of  observa- 
tions, so  that  it  becomes  difficult  to  compare  their  results, 
and,  in  fact,  on  a  superficial  examination  it  might  be 
supposed  that  no  correspondence  could  be  traced  between 
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the  two  series  of  statements.  If,  however,  we  remove  the 
additional  observations  dealt  with  by  Mr.  Dahl,  and  which 
were  apparently  not  a  part  of  the  joint  enquiry  agreed 
upon,  some  facts  remain  in  common,  although  they  may 
be  interpreted  in  diilerent  ways.  For  example,  Dannevig 
shows  that  in  1903,  before  his  Flodevigen  larvae  were 
liberated,  the  Sondeled  Fjord  yielded  426  cod  larvae  (to 
over  100  hauls  of  the  seine  =4  per  haul),  while  the  two 
following  years  (after  the  planting  of  the  fry),  averaged, 
gave  1,328,  or  about  13  per  haul.  Removing  the  July- 
August  observations,  which  do  not  appear  in  Dannevig*s 
experiments,  these  numbers  agree  with  what  is  shown  in 
Uahl's  table,  and  indicate  an  increase  to  about  three 
times  the  amount.  In  the  case  of  the  Hellefjord,  where 
smaller  numbers  were  dealt  with,  the  correspondence 
of  results  is  not  so  clear,  and  some  further  explanation 
is  perhaps  necessary;  but,  averaging  both  localities, 
iJannevig  shows  the  increase  after  planting  to  about 
double  the  quantity,  which  is  represented  graphically  in 
his  diagram.  Captain  Dannevig,  of  course,  attributes 
the  increase  to  the  liberation  of  the  artificially  hatched 
larva? ,  while  Dahl  from  his  additional  observations  with 
tow-nets,  &c.,  comes  to  the  conclusion  that  the  cod  eggs 
and  larvjB  naturally  present  are  so  affected  in  their 
abundance  and  distribution  by  currents  in  the  water 
which  vary  from  year  to  year,  that  the  fry  added  can  have 
no  appreciable  effect,  and  that  such  increases  or  decreases 
as  may  be  noted  from  year  to  year  are  due  to  natural 
reproduction  and  hydrographic  influences.  The  impres- 
sion produced  by  reading  these  two  papers  is,  I  think, 
that  the  observations  are  still  too  few  to  lead  to  anv  sure 
conclusions ;  but  it  may  be  useful  to  point  out  that,  even  if 
DahPs  interpretation  is  correct,  it  does  not  follow  that 
Dannevig's  operations  are  useless.     If  the  addition  of  50 


or  60  millions  of  young  cod  adds  to  the  stock  in  that  fjord, 
the  benefit  may  be  great  even  if  from  other  causes  the 
average  per  haul  in  the  following  year  shows  a  decrease. 
An  addition  has  been  made  to  the  natural  stock  of  fry — 
whatever  that  is — and  that  may  well  have  a  beneficial  effect 
upon  the  future  population  whatever,  as  the  results  of 
various  factors,  that  may  come  to  be. 

Plankton   Investigations. 

During  the  past  year  a  larger  number  of  plankton 
gatherings  have  been  obtained  by  tow-nets  than  ever 
before,  and  these  have  been  very  carefully  examined  by 
Mr.  Andrew  Scott.  Four  hundred  gatherings  in  one  year 
from  a  limited  area  like  the  Irish  Sea  ought  to  give  useful 
information,  and  the  value  of  the  series  is  increased  by 
the  fact  that  in  so  many  cases  we  have  gatherings  taken 
from  different  parts  of  the  area  on  the  same  day, 
amounting  to  practically  simultaneous  observations.  The 
advantage  of  having  several  centres  of  work  in  the  district 
— the  steamer,  the  bailiffs,  Piel  and  Port  Erin— from  which 
observations  can  be  taken  is  obvious  in  an  enquiry  like 
this;  and  Mr.  Scott's  lists  and  tables  given  below  will  be 
seen  to  be  an  interesting  contribution  to  a  subject  that  is 
still  imperfectly  known.  Before  any  far-reaching  con- 
clusions can  be  drawn  from  plankton  gatherings  it  is  clear 
that  we  must  be  sure  what  it  is  that  our  nets  are  catching, 
and  how  far  the  samples  caught  on  different  days  or  at 
different  localities  or  with  different  nets  are  comparable, 
and  can  be  said  to  be  representative  of  any  time  or  place. 
With  a  view  of  testing  such  points  I  chartered  a  small 
steamer  for  two  months  last  summer  and  took  almost  daily 
gatherings,  with  several  different  kinds  of  tow-nets, 
during  August  and  September.  In  all,  about  80  samples 
were  collected  in  40  days,  and  the  main  result  is  to  show  a 


puzzling  diversity,  which  indicates  that  further  work  is 
necessary.*  I  hope  to  continue  this  work  myself  from  a 
small  steam-yacht  during  the  coming  spring  and  summer. 
In  addition  to  the  equipment  previously  used  I  have 
recently  obtained  a  Nansen  closing  deep-water  tow-net  with 
which  observations  will  also  be  taken. 

Dr.  Travis  Jenkins  has  recently  arranged  to  permit 
of  the  steamer  taking  periodic  trips  along  a  fixed  line  for 
the  purpose  of  obtaining  gatherings  with  the  large  Hensen 
quantitative  net.  These  trips  will  take  place  monthly, 
the  line  of  stations  is  from  Piel  Gas  buoy  to  the  Great 
Orme  Head,  and  Mr.  Scott  will  carry  on  the  work.  The 
series  was  started  in  January,  1907,  and  the  second  trip 
is  now  taking  place. 

Hydrographical  Observations. 

The  scheme  of  hydrographic  observations  which  was 
proposed  in  the  Introduction  to  the  last  Annual  Report 
was  duly  sanctioned  by  the  Committee,  the  necessary 
apparatus  was  obtained,  and  the  practical  work  was 
started  in  summer.  The  observations  are  carried  out  by 
Mr.  Johnstone  on  the  steamer,  and  the  samples  of  sea- 
water  obtained  are  analysed  in  the  laboratory  by  Dr. 
Basset,  to  whom  we  are  very  much  indebted  for  the  time 
and  trouble  he  is  kindly  giving  to  the  work.  It  is  too 
soon  yet  to  come  to  any  conclusions,  so  I  merely  place  on 
record  the  following  list  of  observations  made  :  — 

Three  cruises  were  made  during  190G :  — 

(1)  4-5  July,  1906. 

(2)  18-19  Sept.,  1906. 

(3)  13-14  Nov.,  1906. 

*  A  fuller  account  of  these  observations  was  given  in  an  address 
delivered  to  the  Biological  Society,  and  published  in  the  Annual 
Report  of  the  Liverpool  Marino  Biology  Conunittee  in  December.  I 
do  not  repeat  the  information  here  because  I  am  convinced  that 
further  work  is  required  and  that  I  shall  be  able  to  give  a  better 
account  of  the  whole  subject  by  waiting  till  next  year. 
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On  each  cruise  two  lines  of  stations  were  worked :  — 

(1)  Piel  Gas  Buoy,  Walney  Ch.  to  Maughold  Head. 

(2)  Calf  of  Man  to  Holyhead. 

Four  "  stations  "  were  worked  on  each  line :  — 

(1)     6  miles  N.W.  from  Piel  Gas  Buoy. 

(2)15 

(3)24 

(4)32 
and     (5)     7  miles  S.  by  W.  from  Calf  of  Man. 

(6)16 

(7)26 

(8)  33 

It  was  decided  that  observations  should  also  be  made 
in  Carnarvon  and  Cardigan  Bays  during  the  third  cruise, 
but  bad  weather  prevented  these  from  being  carried  out. 
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Bacteriological  Work. 

A  good  deal  of  Mr.  Johnstone's  time  has  been 
occupied  with  questions  of  sewage  contamination  of  shell- 
fish beds  on  the  Lancashire  and  North  Wales  Coasts.  The 
investigation  of  such  cases,  both  on  the  ground,  where 
adequate  samples  have  to  be  taken,  and  also  subsequently, 
as  a  matter  of  bacteriology  in  the  laboratory,  is  of  very 
great  importance  and  some  difficulty.  The  responsibility 
attaching  to  such  work  is  very  great,  because  of  the 
possible  danger  to  public  health  on  the  one  hand,  and  the 
possibility  of  injuring  a  prosperous  industry  on  the  other. 
The  Scientific  Sub-Committee  have  had  several  carefully 
considered  reports  from  our  laboratory  during  the  year, 
and  the  results  of  Mr.  Tohnstone's  examination  of  the 
Morocambe  and  the  Conway  mussel  beds  are  given  below. 
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Other  Wohk. 

The  experiments  with  marked  fish  are  fully  discussed 
in  Mr.  Johnstone's  article  below,  and  the  other  sections  of 
this  report  dealing  with  the  Parasites  and  the  Food  of 
fishes,  the  Ichthyological  notes  and  the  Faunistic  notes 
explain  themselves  and  require  no  further  comment. 

As  the  present  winter  is  a  critical  time  in  the  history 
of  sea-fisheries  research  in  this  country — on  account  of  the 
approaching  termination  of  the  five-year  period  of  the 
International  North  Sea  Investigations,  and  the  hope 
that  on  the  conclusion  of  that  work  Government  may  be 
willing  to  subsidise  similar  work  on  other  parts  of  the 
coast — I  have  thought  it  desirable  to  draw  up,  for  the 
information  of  the  Committee,  a  statement  of  the  present 
situation,  as  it  now  appears  to  me.  I  print  this  article  on 
"  Sea-Fisheries  Research  in  England  "  with  the  view,  not 
of  criticising  any  particular  plan  or  piece  of  work,  but  of 
pointing  out  that  the  present  juncture  seems  to  give  an 
opportunity  of  uniting  all  interests  round  the  three  coasts 
of  England  in  a  comprehensive  national  scheme. 


W.   A.   Herdman. 


Fisheries  Laboratory, 

University  of  Liverpool, 
February  dth,  1907. 
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SEA-FISHERIES    EESBARCH    IN    ENGLAND 
(A  statement  bearing  on  the  present  situation). 

By  W.  A.  Heedman,  F.R.S. 

The  position  of  this  country  in  connection  with  Sea- 
Fisheries  investigations  at  the  present  juncture  is  most 
interesting ;  and  the  decision  which  H.M.  Government  will 
be  called  upon  to  make,  early  in  1907,  as  to  the  measure 
of  official  recognition,  control  and  support  to  be  given  to 
such  investigations  on  different  parts  of  the  coast  will  be 
of    unusual    importance,    since    it    cannot    but    have    a 
profoimd    effect     upon     future     work     and      knowledge 
bearing  on  fishery  questions.     In  the  recent  history  of  the 
subject     the    only    period    approaching    the    present    in 
interest   and   importance   is   the   winter   and    spring   of 
1901-2.     It  may  be  useful  to  recall  that  at  that  time,  five 
years  ago,  two  quite  unusual  events  had   taken   place. 
One  of  these  was  the  announcement,  on  January  31st,  that 
the  then  Government  had  given  its  adhesion  for  a  period 
of  several  years  to  the  International  Scheme  of  North  Sea 
Investigation ;    and  the  second  was  the  presentation   to 
Parliament,  and  subsequent  publication,  of  the  Report  of 
a  Committee  of  Government  Officials,  Fisheries   Experts, 
and  Zoologists,  to  whom   had   been   referred   the    whole 
question  of  scientific  investigations  in   connection    with 
British  Sea-Fisheries. 

This  latter  body,  the  *'  Ichthyological  Research 
Committee,"  was  appointed  by  the  President  of  the 
Board  of  Trade  (the  Government  Department  which  at 
that  time  included  Fisheries)  in  August,  1901,  and 
meetings  for  the  examination  of  witnesses  and  discussion 
of    results    were    held    during    th^    twelve    months    to 
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September,  1902.  The  Report  of  the  Committee,  which 
was  issued  as  a  Parliamentary  paper  about  the  end  of  the 
year,  recommended  a  comprehensive  National  Scheme  of 
investigation  centring,  as  regards  England,  in  the 
Government  Department,  co-relating  and  uniting  the 
energies  of  the  various  administrative  and  investigating 
bodies,  and  giving  the  necessary  support  to  a  marine 
laboratory  on  each  of  the  three  coasts. 

Legislative  action  upon  these  various  recommen- 
dations was,  however,  postponed,  because  the  Govern- 
ment had  meanwhile  become  engaged  to  participate 
for  a  period  of  years  in  the  International  scheme 
of  investigations;  but  the  Report  of  the  Ichthyological 
Committee  was  received  with  marked  approval  by  most, 
if  not  all,  of  the  Sea-Fisheries  Authorities  of  England  and 
Wales ;  and  in  answer  to  representations  made  at 
successive  annual  statutory  meetings,  the  President  of 
the  Board  (formerly  of  Trade,  latterly  of  Agriculture  and 
Fisheries),  in  the  chair,  has  stated  on  the  various  occasions 
that  at  the  conclusion  of  the  limited  period  for  which 
the  Internatioijal  work  had  been  guaranteed,  the  question 
of  a  National  Scheme  would  be  considered,  and  the  claims 
of  the  Local  Sea-Fisheries  Districts  would  then  receive 
attention  from  the  Government. 

For  example.  Earl  Carrington,  the  present 
President  of  the  Board  of  Agriculture  and  Fisheries, 
at  the  meeting  in  the  House  of  Lords  on  14th  June, 
1906,  after  expressing  his  sympathy,  stated  that 
he  "  would  leave  no  stone  unturned "  in  trying  to 
get  from  the  Treasury  some  money  for  such  a  National 
Scheme  as  was  desired,  and  he  ended  by  appealing  to  the 
Local  Authorities  present  to  give  him  all  the  support  in 
their  power  when  the  time  came  [see  Blue-book,  Cd.  3063, 
p.    10].       Within   the    next   few   weeks    is    clearly    the 
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proper  time  for  compliance  with  Lord  Carrington's 
request,  sinc^.e  the  five-year  period  of  the  International 
work  expires  in  July,  1907,  and  if  any  part  of  the  money 
then  set  free  is  to  be  secured  for  Local  Sea-Fisheries 
investigation  it  ought  to  be  included  in  the  estimates 
which  will  shortly  be  prepared  for  Parliament.  Under 
these  circumstances,  it  seems  desirable  that  a  somewhat 
detailed  statement  should  be  made,  avoiding  as  far  as 
possible  critical  and  controversial  matters,  but  setting 
forth  plainly  the  present  position  and  the  alternatives 
that  are  now  placed  before  the  country. 

The    International   Scheme. 

Some  years  ago  a  group  of  distinguished  foreign 
meteorologists  and  biologists  put  forward  a  scheme  for 
international  co-operation  in  the  hydrographic  and 
biological  investigation  of  certain  North-European  seas 
(North  Sea,  Baltic,  Norwegian  Sea,  &c.),  in  the  hope  that 
the  data  thus  acquired  might  throw  light  upon  weather 
prognostication  in  the  interests  of  navigation  and 
commerce  (a  matter  of  some  importance  to  the  more 
northern  nations)  as  well  as  upon  the  conditions  and 
prospects  of  the  fishing  industries  in  those  seas.  The 
matter  was  taken  up  by  the  Swedish  Government,  and  on 
their  invitation  Great  Britain,  Germany,  Kussia,  and 
other  countries  bordering  upon  the  North  Sea  and  the 
Baltic,  agreed  to  participate  in  the  investigation 
and  to  contribute  towards  the  expenses  of  a  central 
organisation. 

Great  Britain,  however,  only  consented  in  the  first 
instance  to  take  part  in  the  work  and  contribute 
to  the  expenses  for  a  period  of  three  years;  but 
later  on  the  time  was  extended  so  as  to  complete  the  five 
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years  for  which  other  nations  were  pledged,  but  at  the 
same  time  it  was  made  clear  to  the  International  Council 
that  our  Government  did  not  contemplate  any  further 
continuance  of  the  work.  ("  The  delegates  are  requested 
to  impress  upon  their  foreign  colleagues  that  it  is  not  the 
intention  of  His  Majesty's  Government  to  participate  in 
the  investigations  on  the  present  footing  after  22nd  July, 
1907."— Blue-book  Cd.  3165,  p.  9). 

The  cost  has  been  great — the  British  share  of 
the  total  expense  amounted  to  about  £70,000,  or  £14,000 
per  annum,  of  which  £5,500  was  allotted  to  work  done  ofE 
the  Scottish  Coasts  and  £5,500  to  that  on  the  East  and 
South  Coasts  of  England — the  remainder  being  required 
for  expenses  of  administration  and  the  central  organisa- 
tion. No  part  of  the  money  was  expended  on  Ireland, 
nor  on  the  Western  Coasts  of  England  and  Wales.  The 
Scottish  portion  of  the  work,  it  was  arranged,  should  be 
carried  out  by  the  officials  of  the  Fishery  Board 
for  Scotland  under  the  Scottish  Office;  and  the 
English  portion  by  the  Marine  Biological  Association,  a 
well-known  scientific  body  controlled  by  a  council  of 
between  30  and  40  members,  under  the  presidency  of 
Professor  Ray  Lankester,  and  having  a  large  laboratory 
and  headquarters  at  Plymouth,  with  a  smaller  branch 
establishment  at  Lowestoft  for  the  special  purposes  of  the 
International  work. 

The  Local  Sea-Fisheries  Committees  around  the  coasts 
of  England  had  no  part  in  the  work,  nor  had  the  Govern- 
ment Department  chiefly  concerned  in  the  subject  (the 
Board  of  Agriculture  and  Fisheries). 

The  International  investigations  have  been  controlled 
by  a  Council  (*'  Conseil  Permanent  International  pour 
TExploration  de  la  Mer  "),  the  Executive  of  which  is  a 
"  Bureau,"  having  its  seat  at  Copenhagen  and  its  Central 
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Laboratory  at  Christiania.       The  Bureau  consists  of  an 
inner  circle  of  three  ordinary  members^  viz. :  — 

Dr.  W.  Herwig  (Germany)  as  President, 

Dr.  0.  Pettersson  (Sweden)  as  Vice-President, 

Dy.  P.  P.  C.  Hoek  (Holland)  as  Secretary ; 
and    an    outer   circle   of   four   extra-ordinary    members, 

Capt.  Drechsel  (Denmark)  as  Hon.  Treasurer, 
•    Dr.  F.  Nansen  (Norway),  Director  of  the  Laboratory, 
•  Prof.  O.  von  Grimm  (Russia),  and 

Prof.  D'Arcy  W.  Thompson  (Scotland). 
Thus  Great  Britain  is  not  represented  on  the  inner  circle, 
and  England  has  no  representation  even  on  the  outer 
body,    although    England's   interests   in   the   North   Sea 
Fisheries  are  admitted  to  be  paramount. 

The  International  investigations  have  been  carried 
on  with  energy  and  enthusiasm  for  the  last  four  and  a 
half  years,  and  the  reports  that  have  already  appeared — 
including  "  Bapports  et  Procfes-verbaux,"  "  Bulletins  des 
R^sultats,"  **  Publications  de  Circonstance  "  issued  by  the 
"  Conseil  Permanent  International,"  and  the  Blue-books 
and  other  publications  of  our  own  and  other  Governments 
— ^form  an  enormous  body  of  literature,  containing  much 
that  is  of  the  greatest  interest  to  scientific  men,  and  some 
of  which  will,  no  doubt,  one  day  find  its  place  in  a 
scheme  of  knowledge  that  is  useful  in  connection  with 
practical  fisheries  questions. 

It  is  scarcely  necessary  to  point  out  that  a  clear 
distinction  can  be  drawn  between  a  scheme  of  investi- 
gation (1)  as  a  piece  of  pure  scientific  research,  and 
(2)  as  a  practical  enquiry  which  will  solve  within  a  given 
time  and  by  given  means  questions  of  importance  to 
particular  industries.  Of  the  interest  and  importance,  to 
science,  of  the  International  work  as  a  piece  of  pure 
research  there  ought  to  be,  and  probably  there  is,  no 
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doubt.  We  must  all  be  in  sympathy  with  the  work  from 
that  point  of  view.  It  is  oceanographic  research  of  the 
most  desirable  and  fascinating  kind,  which  is  bound  to 
yield  qualitative  results  of  great  interest  to  biologists — 
*  and  probably  also  to  hydrographers.  But  there  is  the 
greatest  difference  between  (1)  such  qualitative  results 
which  add  certain  new  facts  to  science,  and  in  regard  to 
the  economic  importance  of  which  all  that  can  be  said  is 
that  each  and  every  scientific  fact  will  some  day  find  its 
application  and  may  then  become  of  commercial 
importance  to  mankind,  and  (2)  immediate  quantitative 
results  given  as  the  outcome  of  investigations  directed  to 
particular  practical  problems.  Viewed  as  the  former, 
the  International  results  are  valued  contributions  to 
science  ;  the  facts  are  useful  whether  few  or  many,  whether 
they  establish  any  definite  principles  or  not,  and  the 
conclusions  put  forward  are  welcome  if  regarded  only  as 
scientific  speculations  which  stimulate  and  suggest  and 
may  lead  eventually  to  definite  proof.  It  is  when  put 
forward  as  quantitative  results  directly  applicable  to 
practical  questions  that  grave  doubts  arise  as  to  the 
afdequacy  of  the  methods  to  solve  the  problem's  and 
as  to  the  sufficiency  of  the  observations  to  justify  the 
economic  conclusions. 

I  have  no  desire  to  assume  a  critical  aspect,  or  to 
try  to  find  defects  in  the  International  or  any  other  useful 
work.  All  such  investigations  must  have  defects,  and  I 
much  prefer  to  appreciate  the  valuable  contributions  to 
scientific  knowledge  made  by  the  International  Council : 
they  have  added  greatly  to  the  sum  of  our  data  in  the 
Hydrography  and  Biology  of  the  North  Sea.  If  those 
who  prosecute  and  those  who  support  this  investigation 
will  declare  that  they  regard  it  as  scientific  research 
undertaken  jointly  with  foreign  savants  with  the  object 
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of  acquiring  certain  scientific  data — ^wHich  may,  or  may 
not,  have  a  bearing  upon  fishery  questions — then  I,  for 
one,  will  cordially  approve  of  the  enlightened  action  of 
our  Government  in  endowing  scientific  research  to  that 
extent.  But  the  British  Delegates  at  the  International 
meetings  have  made  it  quite  clear  that  our  country  took 
part  in  the  scheme  with  the  expectation  of  obtaining 
practical  results  in  the  fixed  period  of  years.*  How 
unlikely  it  is  that  any  such  results  will  be  obtained  by  the 
methods,  in  the  time,  can  only  be  realised  by  those  who 
have  had  conBiderable  experience  of  the  irregularity  of 
distribution  of  fish  and  other  living  things  in  the  sea,  and 
the  difficulty  of  obtaining  samples  that  are  truly  repre- 
sentative of  an  extensive  area. 

It  is  obvious  that  if  we  are  to  have  the  benefit  that 
was  promised  from  international  co-operation,  any 
conclusions  arrived  at  should  be  put  forward  with  the  full 
authority  of  the  International  Council,  and  as  the 
deliberate  opinion  of  the  united  wisdom  of  the  experts ; 
but  it  is  evident  from  the  published  results  that  a  con- 
siderable amount  of  difference  of  opinion  already  exists. 
In  both  the  hydrographical  and  the  biological  sections 
we  find  the  conclusions  of  some  of  the  investigators 
rejected  by  their  fellow-workers  [see  Blue-book,  Cd.  3165, 
p.  6,  and  paragraph  9  on  p.  7 ;  also  Cd.  2960,  p.  47].  As  a 
matter  of  pure  science  this  is  of  no  great  importance,  it 
may  be  helpful  rather  than  harmful,  since  it  tends  to 
promote  research  and  discovery ;  but  when  it  is  a  question 
of  conclusions  that  may  be  applicable  to  the  industries 

•  In  the  Report  of  the  Christiania  Conference,  in  1901,  we  are  told, 
under  the  heading  "Guarantees  of  Practical  Results,"  that  it  was 
agreed  "that  the  work  of  summarizing  the  practical  results  of  the 
scientific  explorations  should  not  be  left  to  the  end  of  the  five  years' 
period,  but  should  be  undertaken  from  year  to  year.  Consequently, 
by  now  we  ought  to  have  the  "practical  results"  of  the  first  four 
years  in  our  hands. 
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the  case  Is  very  different.  If  any  of  these  conclusions  are 
liable  to  be  made  a  basis  for  action  by  the  Government  or 
by  any  Fisheries  Authority,  they  ought  obviously  to  be 
subjected  to  the  same  open  discussion  and  free  criticism 
as  would  take  place  in  the  case  of  an  ordinary  scientific 
theory.  This  will,  no  doubt,  be  the  case  eventually  with 
the  International  results,  but  in  the  meantime  it  is  most 
undesirable  that  conclusions  or  opinions  expressed 
authoritatively  should  be  put  forward  unsupported  by  the 
detailed  observations  on  which  they  are  based. 

The   Ichthyological   Research   Committee. 

At  the  same  time  that  Great  Britain  undertook  ko 
participate  for  a  limited  number  of  years  in  the  Inter- 
national investigations,  the  Committee  above  referred 
to  was  sitting  at  the  Board  of  Trade  charged  to 
report  "  as  to  the  best  means  by  which  the  State 
or  local  authorities  can  assist  scientific  research  as 
applied  to  problems  affecting  the  fisheries  of  Great 
Britain  and  Ireland."  This  Committee,  which  reported 
in  1902,  consisted  of  four  representatives  of  Government 
departments  (the  late  Mr.  S.  E.  Spring-Eice,  of  the 
Treasury;  Mr.  Pelham,  of  the  Board  of  Trade;  Sir.  C. 
Scott-Moncrieff  and  Sheriff  Crawford,  of  the  Scottish 
Oflfice);  and  four  zoologists  or  fisheries  experts 
(Mr.  Walter  E.  Archer,  of  the  English  Fisheries  Depart- 
ment; the  Rev.  W.  Spotswood  Green,  of  the  Irish 
Fisheries  Department;  Professor  J.  Arthur  Thomson,  of 
Aberdeen ;  and  Professor  W.  A.  Herdman,  of  Liverpool). 

After  the  detailed  examination  of  many  witnesses 
representing  science,  the  fishing  industries,  and  all 
other  interests  concerned,  and  some  discussion  of  results, 
the  four  experts  were  requested  by  their  colleagues  to 
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draw  up  a  Memorandum  as  to  the  relations  of  the  Inter- 
national scheme  to  the  most  pressing  fishery  problems  and 
the  methods  to  be  adopted  in  the  solution  of  such 
problems.  This  Memorandum  was  adopted  by  the 
Committee  and  is  printed  on  p.  xxii.  of  the  Report  (Blue 
book  Cd.  1312). 

If    the    argument    in    this    Memorandum    of    the 
Ichthyological    Committee    is    correct,    grave    doubt    is 
cast  upon  the  validity  of  any  results  which  might  be 
obtained  solely  by  methods  proposed  in  the  "  Christ iania 
Programme  " — the  revised  or  second  official  programme 
of    the    International    work.     It    is    evident    from    an 
examination   of   the   official    publications   of   the   Inter- 
national Council  that  some  such  doubts  must  at  a  later 
date  have  occurred  to  those  engaged  in  the  work.       For 
example,  in  August,  1902,  at  the  first  meeting  held  after 
the  memorandum  above  referred  to  had  been  presented, 
the  Coimcil  resolved  that  it  was  not  possible  to  undertake 
the  biological  portion  of  the  *'  Christian ia  Programme  " 
in  its  totality,  and  decided  to  restrict  the  investigation  to 
certain  problems  [Cd.  1313,  p.  102],     Again,  in  1904,  it 
was  recognised  that  the  methods  hitherto  adopted  were 
inadequate  for  the  solution  of  these  problems,  and  the 
instructions  to  the  British  delegates   [Cd.  2966,  p.  32] 
caused    still    further    alteration    in    the    International 
programme.       Then,   in   1905,   the   quarterly   **  seasonal 
cruises "    (in   February,   May,    August   and   November), 
which  were  a  very  fundamental   point   in   the   original 
scheme,  and  which  had  been  criticised  in  the  Report  of 
the  Ichthyological  Committee,  were  apparently  recognised 
as  being   inadequate   and   were   supplemented   by    more 
frequent  observations  [Cd.  2966,  pp.  54,   172,   174,   175 
App.  B,  also  Cd.  3165,  p.  14]. 

Thus  the   progress   of   events  during  the   last  four 
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years  has,  on  the  whole,  tended  to  show  that  the  criticisms 
put  forward  in  the  Report  of  the  Ichthyological  Eesearch 
Committee  were  well  founded,  and  served  to  indicate  the 
direction  in  which  the  International  Scheme  of  work  has 
required  to  be  modified.  Under  these  circumstances,  we 
turn  now  with  the  more  confidence  to  the  constructive 
portion  of  that  Committee's  Report  in  order  to  enquire 
how  far  the  recommendations  then  made  will  meet  the 
needs  of  the  situation  at  the  present  juncture.  The 
Committee  recommended  a  National  Scheme  of  fisheries 
research  and  organisation,  into  the  constituent  elements  of 
which  they  entered  in  considerable  detail.  This  scheme 
provides  what  has  long  been  felt  and  often  expressed  as  a 
great  need  in  England,  viz.,  a  Central  Fisheries  Board, 
having  at  its  command  laboratories,  vessels  and  scientific 
men  on  all  the  coasts,  and  it  also  endeavours  to  ensure  the 
sympathy  and  utilise  the  energies  of  the  District 
Committees,  by  giving  them  adequate  representation  on 
the  Central  Body  and  by  delegating  the  work  on  the 
several  coasts  to  the  local  investigators. 

The  points  dealt  with  in  the  Report  are  (1)  Statistics, 
(2)  Expert  Staff,  (3)  Laboratories,  (4)  Vessels,  (5)  Central 
Authority,  and  (6)  Co-operation  with  Scotland  and 
Ireland;  and  the  recommendations  under  these  heads 
may  be  briefly  summarised,  with  comments,  as  follows :  — 

(1)  Statistics. — The  Committee  insist  upon  the 
necessity  for  much  fuller  and  more  accurate  statistics  as 
to  the  results  of  the  commercial  fisheries  than  are  now 
supplied.  Returns  must  be  obtained  from  the  masters  of 
fishing  vessels,  and  it  is  very  desirable  that  full  returns  of 
all  fish  caught,  giving  the  localities  and  other  particulars, 
should  be  made  compulsory. 

The  official  system  of  collection  of  fisheries  statistics 
has  been  improved  at  many  ports  since  1902,  but  further 
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development  around  the  coast  generally  is  much  to  be 
desired. 

(2)  Expert  Staff. — In  the  first  place  a  staff  of 
trained  assistants  is  required  at  the  principal  fishing 
ports  to  deal  with  the  returns  obtained  from  the  boats,  to 
inspect  the  catches  landed  and  to  select  samples  for 
further  examination.  Certain  observations  can  be  made 
and  certain  particulars  noted  by  such  assistants  carrying 
on  statistical  work  at  the  ports,  but  it  is  not  suggested 
that  they  need  be  laboratory  biologists.  Then,  secondly, 
the  samples  selected,  along  with  the  statistical  and  any 
other  information,  should  be  sent  for  more  detailed 
examination  to  the  recognised  marine  laboratory  of  that 
coast,  there  to 'be  dealt  with  by  the  Director  and  his 
scientific  assistants. 

(3)  Laboratories. — The  Ichthyological  Committee 
point  out  that  '*  the  fishery  interests  of  the  East  Coast,  the 
South  Coast  and  the  West  Coast  of  England,  respectively, 
are,  to  some  extent,  distinct,"  and  they  propose  that  these 
three  coasts  should  be  treated  independently,  each  having 
it  own  marine  laboratory,  staff  of  workers,  surveying 
vessel,  and  representatives  on  the  Central  Authority.  It 
is  recommended  that,  if  possible,  arrangements  be  made 
so  that  (1)  the  Marine  Biological  Association  Laboratory 
at  Plymouth  be  officially  recognised  as  the  headquarters 
for  scientific  fisheries  work  on  the  South  Coast,  say  from 
the  Estuary  of  the  Thames  to  the  Bristol  Channel ; 
(2)  that  the  Liverpool  Marine  Biological  and  Fishery 
Laboratories  be  similarly  the  centre  for  work  on  the 
West  Coast  ;  and  (3)  that  a  laboratory  be  established  to 
perform  similar  functions  on  the  East  Coast.  If  the  new 
Marine  Biological  Station  which  is  now  being  erected  at 
Gullercoats,  in  the  Northumberland  Committee's  District, 
had  then  been  in  existence,  there  can  be  no  doubt  that  the 
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Ichthyological  Committee  would  have  recommended  that 
that  laboratory  should  be  recognised  as  the  centre  for 
work  on  the  East  Coast.     It  is  possible,  also,  that,  under 


Fig.  1.  Sketch  Map  of  the  British  Islands,  for  the  purpose  of  indicating 
the  position  of  the  chief  marine  laboratories  and  sea-fish  hatcheries, 
and  the  proposed  division  of  the  coast  of  England  into  three  great 
fisheries  districts — The  East  coast,  the  South  and  the  West. 

the  conditions  now  existing,  the  recommendation  might 
have  been  added  that  the  Lowestoft  Laboratory  should  be 


21 

taken  over,  if  that  is  possible,  from  the  Marine  Biological 
Association,  and  should  be  the  home  laboratory  of  the 
Fisheries  Department  of  the  Board  of  Agriculture  and 
Fisheries,  in  order  to  furnish  the  Government  Depart- 
ment with  the  laboratories,  experimental  tanks  and 
scientific  assistants,  without  which  the  officials  cannot  be 
expected  to  carry  on  original  investigations. 

On  the  other  hand,  if  the  view  be  held  that  the 
Government  Department  should  not  itself  undertake  any 
actual  marine  investigations,  but  should  delegate  such 
work  to  the  different  laboratories  round  the  coast,  a 
natural  division  of  the  area  would  be  for  the  Marine 
Biological  Association,  with  its  laboratories  at  Plymouth 
and  Lowestoft,  to  conduct  the  explorations  from  Cornwall 
to  the  Wash,  while  the  District  Committees  North  of  that 
point,  with  the  laboratory  at  Cullercoats,  would  undertake 
the  remainder  of  the  East  Coast.  The  exact  details  of 
such  divisions  are  not  of  prime  importance,  the  essential 
point  being  that  the  Ichthyological  Committee  in  making 
their  recommendations  in  regard  to  laboratories  for  the 
three  coasts  made  use  to  the  fullest  extent  of  existing 
institutions. 

(4)  Vessels. — Each  of  the  three  coasts,  it  is  proposed, 
should  have  a  research  or  siirveying  steamer  of  the  type 
of  a  modern  steam  trawler,  especially  fitted  up  for 
scientific  investigations  and  'carrying  on  its  work  in 
connection  with  the  laboratory  of  that  coast. 

(5)  Central  Authority. — The  Ichthyological  Com- 
mittee recommend  the  formation  of  a  "  Fishery  Council 
for  England,''  consisting  of  representatives  of  {a)  the 
Board  of  Agriculture  and  Fisheries,  (6)  the  local  Sea- 
Fisheries  Authorities  of  the  three  coasts,  and  (e)  the 
scientific  men  in  charge  of  the  three  marine  laboratories. 
This  Fishery  Council  would  be,  to  some  extent,  analogous 
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to  the  Fishery  Board  for  Scotland,  biit  more  suitable  in 
other  respects  to  England,  where  strictly  local  fisheries 
are  more  common  than  in  Scotland,  and  where  local  needs 
have  to  be  more  closely  studied.  The  Council  would,  it 
is  hoped,  be  so  representative  as  to  unite  the  various 
fisheries'  interests  and  ensure  the  co-operation  of  the 
different  organisations,  local  and  central,  now  working  at 
fishery  problems.  It  is  suggested  that  the  Fishery 
Council  should  meet  monthly,  or  more  often  as  occasion 
may  require,  under  the  Board  of  Agriculture  and 
Fisheries,  to  formulate  and  control  schemes  of  investi- 
gation, to  receive  reports  on  work  done  on  the  three 
coasts  and  co-relate  observations,  to  recommend  the 
allocation  of  grants  to  the  laboratories,  and,  generally,  to 
report  to  Government,  through  the  Board  of  Agriculture 
and  Fisheries,  on  the  needs  and  results  of  the  work  carried 
on  by  the  steamers  and  the  laboratories. 

International  Co-operation. — In  order  to 
secure  uniformity  of  action  between  the  Fisheries 
organisations  in  England,  Scotland  and  Ireland, 
to  prevent  overlapping  of  areas  and  of  investi- 
gations, and  to  arrange  as  to  any  sub-division  of 
work  between  the  three  countries,  or  with  foreign  nations, 
the  Ichthyological  Committee  recommend  that  quarterly 
conferences  should  be  held  between  representatives  of  the 
Fishery  Council  for  England,  the  Fishery  Board  for 
Scotland  and  the  Irish  Fishery  Department.  **  The 
meetings  of  this  conference  would  give  an  opportunity  to 
the  members  of  the  three  Central  Authorities  to  compare 
notes,  to  obtain  information  as  to  what  is  being  done  in 
the  three  countries,  and  to  make  suggestions  to  the  three 
Central  Authorities  as  to  what  particular  work  should  be 
undertaken  by  each  "  (Report,  p.  xv.).  It  is  only  to  this 
extent — Quarterly  Conferences — that  the  Ichthyological 
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Committee  have  considered  it  practicable  to  constitute 
one  Central  Fisheries  Department  for  the  TJnited 
Kingdom.  We  may  quote  finally  paragraph  39  from 
the  "Concluding  Observations"  of  the  Report:  — 
"The  Committee  believe  that  by  carrying  out  these 
recommendations  the  State  would  recognise,  co-relate  and 
control  the  work  of  the  existing  independent  organisations 
in  the  United  Kingdom,  and  would  build  up  a  scheme  of 
Fishery  Research  of  a  thoroughly  practical  character, 
centring,  as  regards  England,  in  the  Board  [of  Agri- 
culture and  Fisheries],  and,  at  the  same  time,  in  intimate 
contact  with  the  fishing  trade,  the  District  Committees 
and  the  scientific  laboratories  round  the  coast." 

The  Pkesent  Situation. 

The  adoption  of  these  recommendations  made  in  1902 
by  the  Ichthyological  Committee's  Report  would,  it  is 
believed,  satisfy  the  wishes  and  claims  of  the  District 
Committees  on  the  East  and  West  Coasts,  but  it  seems 
improbable  that  that  course  would  satisfy  the  Marine 
Biological  Association,  and  it  is  quite  incompatible  with 
a  continuance  of  the  International  work  as  at  present 
carried  on.  It  seems  doubtful,  however,  whether  the 
officials  of  the  Marine  Biological  Association  desire  that 
the  International  work  should  be  continued  under  its 
present  organisation.  The  Council  of  the  Marine 
Biological  Association  have  recently  issued  various 
circulars  and  reports,  and  have  organised  a  deputation  to 
the  Chancellor  of  the  Exchequer,  asking  H.M.  Government 
to  give  them  control,  not  merely  of  the  whole  amount  they 
have  been  administering  annually  in  the  North  Sea 
investigations,  but  also  of  an  additional  £2,000  a  year  for 
the  Plymouth  Laboratory,  making  a  total  annual  grant  of 
£8,000>   with   no   limit   of  time   specified.       It   is   very 
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difScult,  from  these  reports  and  the  speeches  of  prominent 
members  of  the  Council,  to  understand  exactly  what  are 
the  intentions  or  wishes  of  the  Marine  Biological 
Association  in  regard  to  the  International  Council  and 
Bureau.  They  ask  quite  definitely  to  be  allowed  to 
continue  the  International  investigations;  but  a  passage 
in  the  speech  by  the  Chairman  of  the  M.B.A. 
Council  suggests  that  they  are  contemplating  the 
severance  of  their  present  connection  with  the 
International  Council.  If  that  is  the  case,  it  is  surely  of 
primary  importance  to  all  concerned  in  the  discussion  of 
these  questions  to  know  under  what  organisation  they 
propose  to  work.  If  they  do  not  desire  to  continue  under 
the  direction  of  the  "  Conseil  Permanent  International," 
are  they  prepared  to  adopt  the  recommendations  of  the 
Ichthyological  Research  Committee  to  such  an  extent  as 
will  satisfy  the  claims  of  the  Sea  Fisheries  District 
Committees  of  the  East  and  West  Coasts,  or  is  it  their 
intention  to  claim  all  the  money  that  has  recently  been 
expended  by  England  on  the  International  work,  and  such 
additional  grant  as  the  Government  may  give,  to  spend 
after  July  on  their  own  work  under  their  own 
organisation,  in  independence  alike  of  the  International 
Council  and  of  the  constituted  Sea-Fisheries  Authorities 
around  the  coast?  Surely  their  position  in  this  matter 
should  be  made  quite  clear  before  their  claim  to  the 
administration  of  the  whole  of  the  English  portion  of  the 
International  fund  can  be  discussed. 

In  one  of  the  circulars  that  has  appeared  during  the 
winter,  it  was  suggested  that  the  M.B.A.  Council  might  be 
increased  by  allowing  the  Board  of  Agriculture  and 
Fisheries,  the  National  Sea  Fisheries  Protection  Associa- 
tion, and  the  different  Sea-Fisheries  Committees,  who 
have     established     marine     laboratories     for     scientific 
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research,  and,  if  necessary,  other  hodies  concerned,  the 
right  to  nominate  one  or  more  members  of  Council. 

It  must  be  pointed  out  that  although  this  may 
seem  to  be  offering  an  opportunity  to  Sea-Fishery 
Committees  of  participating  in  the  regulation  and 
administration  of  Sea-Fisheries  research  under  their 
scheme,  it  is  not  doing  so  in  any  real  sense  or 
on  an  adequate  scale.  The  Council  of  the  M.B.A.  consists 
of  about  38  members  (including  the  President  and  Vice- 
Presidents,  who  have  presumably  a  right  to  sit  on 
Council),  so  that  unless  a  considerable  number  of  represen- 
tatives of,  say,  the  Government  department  on  the  one 
hand  and  the  Local  Sea-Fisheries  Authorities  on  the  other, 
were  added,  so  that  all  elements  were  fairly  balanced,  no 
real  power  would  be  given.  But  such  a  greatly  enlarged 
Council  would  be  unwieldy  and  impracticable;  in  fact, 
the  Coimcil  of  the  M.B.A. ,  as  it  stands,  is  too  large  a 
body,  besides  being  unsuitable  in  other  respects,  for  such 
specialised  work  as  is  contemplated. 

The  Marine  Biological  Association  is  a  distinguished 
Scientific  Institution,  one  of  the  primary  purposes 
of  which  is  the  promotion  of  research  in  pure 
science  and  the  higher  education  of  young  Zoologists 
from  the  Universities.  Academically  it  holds  a  high 
position  and  its  educational  value  in  pure  science  might 
be  of  national  importance.  It  is  on  those  lines  that,  in 
the  opinion  of  some  of  its  own  members  and  loyal 
supporters,  it  ought  to  develop  rather  than  in  connection 
with  the  fishing  industries.  As  a  scientific  and  educa- 
tional institution  it  is  worthy  of  all  possible  encourage- 
ment and  support,  and  it  is  to  be  hoped  that  H.M. 
Government  will  give  a  liberal  subsidy  to  the  Plymouth 
laboratory  and  other  similar  institutions  for  purposes  of 
research  in  pure  science. 
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But  with  the  view  of  collecting,  examining  and 
co-ordinating  such  scientific  researches  at  different 
centres  and  of  applying  them  to  specific  fishery 
problems,  and  of  making  use  of  the  money  set  free 
by  the  termination  of  the  international  work  and  such 
other  funds  as  H.M.  Government  can  devote  to  this 
important  national  object,  it  is  essential  to  have  a  small 
working  body  of  experts  such  as  was  recommended  in 
the  Report  of  the  Ichthyological  Committee — men  who 
have  been,  and  are,  actively  and  sympathetically  in  touch 
both  with  the  various  fishing  industries  and  the  various 
methods  of  scientific  research  that  can  be  applied  to  them. 
As  examples  of  such  experts  may  be  taken  Prof.  Mcintosh 
and  Dr.  Fulton,  in  Scotland ;  Mr.  W.  S.  Green  and 
Mr.  E.  W.  L.  Holt,  in  Ireland;  and  Mr.  Walter  E. 
Archer,  in  London.  The  academic  Zoologists  on  the 
Council  of  the  M.B.A.  are  all  eminent  men  in  their 
own  special  lines  of  research,  but  would,  most  of  them, 
I  hope,  be  unwilling  to  lay  claim  to  expert  knowledge  on 
fishery  problems. 

It  is,  surely,  unfortunate  in  the  interests  of  science 
that  the  Council  of  the  Marine  Biological  Association 
should  have  recently  appealed  to  scientific  men  in  general 
at  the  Universities  to  sign  a  petition  addressed  to  the 
Lords  Commissioners  of  H.M.  Treasury  in  support  of  the 
work  carried  on  by  the  International  Council  and  its 
continuance  in  the  hands  of  the  Marine  Biological 
Association.  It  is  probable  that  some,  at  least,  of  the  more 
or  less  distinguished  Zoologists,  Botanists,  Geologists, 
Physiologists,  Pathologists,  Astronomers,  Chemists, 
Mathematicians  and  Anthropologists  who  have  lent 
their  names  for  this  purpose  have  done  so  with  very 
imperfect  knowledge,  if  any,  of  the  methods  and  results 
of  the  international  work,  and  very  possibly  in  complete 
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ignorance  of  the  other  side  of  the  ease  as  represented  by 
the  Local  Sea-Fisheries  Committees. 


District  Committees. 

The  administration  of  the  Sea-Fisheries  around  our 
coasts  is  now  entrusted  to  District  Committees,  who,  under 
the  Board  of  Agriculture  and  Fisheries,  have  large  powers 
in  regard  to  the  supervision,  regulation  and  promotion  of 
the  industries.  Most  of  these  Committees  have  under- 
taken some  investigations,  and  a  few  of  them  have  done 
much.  They  have  secured  the  advice  and  assistance  of 
scientific  men,  have  helped  in  the  establishment  of  marine 
laboratories,  and  have  expended  considerable  sums  upon 
investigations,  both  by  special  steamers  and  otherwise. 

It  would,  in  my  opinion,  be  a  fatal  mistake  to  do 
anything  that  would  tend  to  discourage  such  excellent 
local  effort  or  to  divorce  administration  from  scientific 
investigation.  All  sound  regulation  of  the  Fisheries  must 
be  based  upon  accurate  and  detailed  investigation.  As 
the  administration  has  to  be  applied  locally,  the  investi- 
gation must  be  conducted  locally.  Every  part  of  the 
coast,  every  shellfish  bed,  has  its  own  problems.  It  is 
impossible  to  apply  general  principles  or  results  obtained 
elsewhere  without  an  intimate  knowledge  of  the  local 
conditions.  The  Sea  Fisheries  Committees  which  have 
been  conducting  such  local  investigations  have  a  strong 
claim,  not,  perhaps,  to  be  relieved  entirely  of  the  expense 
of  this  necessary  work,  but  to  receive  a  substantial 
contribution  from  the  national  purse.  The  local  elEort 
has  in  some  cases  been  very  considerable,  funds  have  been 
raised,  services  have  been  given  gratuitously  and  the  work 
has  been  carried  on  energetically  and  successfully. 
There  is  no  reason  to  suppose  that  the  local  subsidies  will 
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fail,  but  they  ought  to  be  largely  supplemented.  The 
District  Committees  have  been  urging  their  claims  for  a 
grant  from  the  Treasury  for  at  least  five  years,  and  have 
received  many  assurances  of  sympathy  and  of  ultimate 
substantial  help. 

The  present  juncture  seems  thus  to  afford  an 
opportunity,  such  as  has  not  previously  occurred,  of 
formulating  a  comprehensive  scheme  which  will  deal  with 
all  parts  of  the  coast  and  unite  all  interests.  Anything 
approaching  to  a  monopoly  in  science  is  most  objection- 
able. There  cannot  be  a  monopoly  in  work,  so  there  ought 
to  be  none  in  State  recognition  and  support.  The 
North  Sea  investigations  are  welcome  additions  to  science, 
the  work  of  the  Marine  Biological  Association  is  worthy 
of  all  the  support  that  can  be  given  both  by  scientific  men 
and  by  the  Government,  but  neither  of  these  organisations 
covers  the  whole  ground,  and  any  scheme  which  does  not 
embrace  the  three  seas  of  England  and  utilise  to  the  full 
the  various  laboratories  and  Fisheries  Authorities  around 
the  coast,  more  or  less  on  the  lines  of  the  Ichthyological 
Committee's  Report,  will  fail  to  solve  the  present  problem 
of  Fisheries  research  in  Great  Britain. 
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SEA-FISH    HATCHING    AT    PIEL. 
By  Andrew  Scott. 

The  results  of  the  hatching  work  in  the  spring  of 
1906  are  very  similar  to  those  obtained  in  previous  years. 
The  present  accommodation  for  adult  fishes  is  always 
strained  to  the  limit  of  safety.  Any  marked  increase  in 
the  output  could,  therefore,  only  be  secured  by  consider- 
able additions  to  the  existing  tanks. 

The  first  eggs  were  observed  on  February  17th,  but 
no  fertilised  ones  were  obtained  till  March  14th.  The 
spawning  lasted  for  practically  two  months.  During  that 
time  fourteen  millions  of  flounders*  eggs  were  collected  and 
one  and  a  half  millions  of  plaice  eggs.  The  incubation  of 
the  eggs  was  carried  on  in  the  usual  manner  in  the 
Dannevig  apparatus,  and  yielded  nearly  fourteen  millions 
of  fry.  The  fry  were  liberated  at  intervals,  well  out  in 
Morecambe  Bay.  It  has  been  customary  to  set  free  the 
parent  fish  in  the  Barrow  Channel  at  the  end  of  each 
hatching  season,  but  the  fate  of  these  fish  has  always  been 
unknown.  At  the  end  of  the  hatching  season  in  1905 
Mr.  Johnstone  marked  some  of  the  large  plaice  from  the 
tanks  and  set  them  free  between  Lancashire  and  the 
Isle  of  Man.  None  of  these  have  been  recovered.  Another 
attempt  to  find  out  the  movements  of  the  fish  was  made  by 
marking  some  of  the  flounders  in  1906.  These  were  set 
free  outside  the  Barrow  Channel.  A  few  of  the  marked 
flounders  were  recaptured  by  fishermen  and  returned  to 
us,  and  are  dealt  with  by  Mr.  .lohnstone  in  his  report  on 
fish   marking.       During  the  autumn   of  1906   the  local 


fishermen  reported  that  several  very  large  plaice  had  been 
captured  in  the  Barrow  Channel.  The  sizes  of  these  fish 
far  exceeded  those  of  any  flat-fish  they  had  previously 
taken.  The  men  suggest  as  a  very  probable  explanation 
that  they  were  some  of  our  liberated  plaice.  Capt. 
Wright  also  secured  one  or  two  of  these  large  fish  while 
trawling  for  flounders  for  the  tanks.  It  is  quite  possible, 
then,  that  the  large  plaice  set  free  at  the  end  of  each 
season  remain  in  the  vicinity. 

When  selecting  adult  plaice  for  the  tanks  we  depend 
largely  on  their  size,  and  hitherto  all  under  fourteen 
inches  in  length  have  been  rejected.  This  size  is 
probably  a  good  average  one,  but  it  is  evidently  not 
always  the  minimum  even  for  females.  This  was  clearly 
demonstrated  in  the  spring  of  1906.  In  March,  when  out 
with  the  "  John  Fell  "  collecting  material  for  the  classes, 
two  mature  female  plaice  were  captured  in  the  same  haul. 
One  of  these  fish  was  nineteen  and  a  half  inches  long,  and 
the  other  was  only  ten  and  a  half  inches.  Later  on  in 
the  month  two  more  mature  plaice  were  captured  in  the 
same  area  as  the  previous  ones.  The  latter  were  both 
eleven  and  a  half  inches  long.  These  fish  were  brought 
alive  to  Piel.  They  all  produced  eggs  which  fertilised 
and  developed  quite  formally.  The  fish  were  captured 
between  Walney  and  Isle  of  Man  in  the  area  known  as  the 
"Top  end  of  the  Hole,''  on  March  13th  and  20th. 
According  to  Mcintosh  and  Masterman*  plaice  appear  to 
have  very  definite  spawning  grounds,  always  well  offshore 
and  at  a  depth  of  about  twenty  fathoms.  Under  artificial 
conditions  we  find  it  is  possible  to  get  them  to  spawn  in 
much  shallower  water.  At  Port  Krin  the  fish  spawn 
freely  in  a  pond  with  a  maximum  depth  of  ten  feet.  At 
the  Bay  of    Nigg    Hatchery,   belonging  to  the  Fishery 

"^  British  Marine  Food  Fishes,  p.  364. 
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Board  for  Scotland,  spawning  takes  place  under  similar 

conditions.     Our  small  fish  tanks  at  Piel  are  only  about 

four  feet   deep,    and    we    find    the    fish    mature    quite 

normally.       During  the  spring  of  1906  we  found  that 

some  of  the  adult  plaice,  collected  in  Luce  Bay  in  the 

autumn  of  1905,  matured  when  kept  in  water  fourteen 

inches  deep.     The  fish  actually  spawned  in  that  depth  of 

water,  but  the  eggs  were  not  fertilised.     Very  ripe  female 

dabs  collected    in    March,    and    brought    alive    to    Piel, 

discharged  their  eggs  in  shallow  tanks  only  ten  inches 

.deep.    In  the  latter  case  the  eggs  were  probably  too  far 

ad?anced  to  be  retained  by  the  fish  when  subjected  to  the 

?watly  altered  conditions  of  pressure.     In  the  other  case, 

80  far  as  reproduction  is  concerned,  the  only  apparent 

differ^ce  due  to  confinement  is  a  slight  retarding  of  the 

niaturation  of  the  eggs.     We  find  from  the   tow-nettings 

^ken  in  the  open  sea  that  plaice  eggs  were  taken   in 

Cardigan    Bay    on    January    2^3rd,    1906,    and    off    the 

Liverpool     North-west     Lightship     on     the     31st.      The 

occurrence    of    one    plaice    egg    in    Cardigan    Bay    on 

December  15th,  1905,  and  the  capture  of  a  spent  female 

plaice  in  the  same  bay  on  January  26th,  1906,  has  already 

oeen  recorded  by  us.       Fertilised  eggs   under  artificial 

conditions  were  secured  at  the  Bay  of   Nigg  Hatchery  on 

January  20th, t  and  at  Port  Erin  Hatchery  on  February 

20tli,  1906.$ 

The  following  tables  give  the  number  of  eggs 
collected  and  of  the  fry  hatched  at  Piel,  and  set  free  on 
the  dates  specified :  — 


f  Twanty-fourth  Annual  Report  Fishery  Board  for  Scotland,  part  iii,  p.  112. 

I  Twentieth  Annual  Report  of  the  Liverpool  Marine  Biology 

Committee,  p.  17. 
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Plaice  {Plexircmectes  plafessa,  Linn.). 


April 


March  14 
16 
19 
21 
24 
26 
28 
30 
2 
3 
5 
7 
9 
11 
14 
17 
20 
23 
26 
28 
30 
3 


M 
tt 
)l 
tf 
It 
9t 
ft 

f* 
tt 
It 

»» 


Mav 


Eggs  Collected. 

30,000 
40,000 
50,000 
60,000 
60,000 
70,000 
90,000 
85,000 
90,000 
95,000 
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Flounder  (Pleui-onectfg  Jlftm,  Linn.). 


Eggs  Collected. 

Pry  Set  Free. 

March  14 

.     200,000 

177,000     .. 

March  30 

„      16 
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„      19 
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CLASSES,    VISITORS,    Ac,    AT    PIEL. 

By  Andhew  Scott. 

Four  classes  for  fishermen  were  held  in  the  spring 
of  1906.  The  Education  Committee  of  the  Lancashire 
County  Council  voted  a  sum  of  money  for  forty-five 
studentships  open  to  fishermen  in  the  administrative 
County  of  Lancaster.  The  Blackpool  Education 
Committee  sent  three  men,  Southport  Education 
Committee  two  men,  Liverpool  Education  Committee  two 
men,  and  the  Cheshire  Education  Committee  four  men. 
The  studentship  holders  were  divided  into  four  classes, 
three  of  fifteen  each  and  one  of  eleven  men,  as  shown  by 
the  following  lists :  — 

1st  class,  held  March  12th  to  2'3rd. — -T.  G.  Constable, 
Askam ;  R.  Parker,  Flookburgh ;  Percy  Baxter, 
Morecambe ;  G.  Parkinson,  Morecambe ;  T.  Woodhouse, 
Morecambe ;  W.  Wilson,  Morecaifibe;  R.  Abram, 
Fleetwood ;  W.  Ball,  Fleetwood ;  T.  Rawlinson, 
Fleetwood;  Wm.  Wright,  Fleetwood;  J.  Abram,.  Banks ; 
J.  Johnstone  (Bunger),  Ikxnks;  J.' Barrow,  Blackpool; 
F.  Parr,  Blackpool ;  E.  Salthouse,  Blackpool. 

2nd  class,  held  March  26th  to  April  6th.— S.  Mott, 
Bardsea;  W.  Benson,  Flookburgh;  R.  Gardner, 
Morecambe ;  T.  Gerrard,  Morecambe ;  R.  Ell  wood, 
Morecambe ;  J.  Wilson,  Bolton-le-Sands ;  T.  Smith, 
Overton ;  J.  T.  Bagot,  Knott  End ;  R.  Ball,  Fleetwood ; 
J.  Leadbetter,  Fleetwood;  W.  Sharpe,  Fleetwood; 
R.  Gillett,  Lytham ;  W.  G.  Parkinson,  Lytham ;  P. 
Brookfield,  Banks;  J.  Aughton,  Banks. 

3rd  class,  held  April  23rd  to  May  4th.— T. 
Edmondson,  Roosebeck ;  J.  Gardner,  Ulverston ;  J. 
Procter,  Ulverston  ;  J.  Wilkinson,  BaicliflE;  T.  Westworth, 
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Flookburgh;  W.  Bird,  Fleetwood;  R.  Wright, 
Fleetwood;  B.  Wilson,  Fleetwood;  J.  R.  Croft, 
Preesall;  R.  Swarbrick,  Hambleton;  W.  Hadwen, 
Morecambe ;  T.  Shaw,  Morecambe ;  T.  Mayor,  More- 
cambe;  R.  Abram,  Banks;  J.  Peet,  Banks. 

4tli  class,  held  May  7th  to  18th. — J.  Bird,  Ulverston  ; 
B.  Stephenson,  Heysham ;  W.  Baxter,  Banks ;  J.  Lloyd, 
Manhside;  W.  Ball,  Southport;  W.  H.  Hosier, 
Liverpool ;  W.  Whelan,  Liverpool ;  T.  Bushell,  Parkgate  ; 
T.Matthews,  Parkgate;  J.  Murray,  Liscard;  W.  Bedson, 
New  Brighton. 

The  usual  votes  of  thanks  to  the  Sea  Fisheries 
Committee  and  to  the  Education  Committee  were 
proposed  and  carried  by  the  fishermen. 

The  classes  for  fishermen  are  now  registered  by  the 
Board  of  Education  as  evening  classes,  and  each  of  the 
above  classes  was  inspected  by  Mr.  M.  A.  Fenton,  one  of 
^e  Government  Inspectors.  Mr.  Fenton's  report  was  as 
follows : — 

"  Demonstrations  from  the  blackboard  and  abun- 
"dant  individual  instruction  constitute  the  teaching 
"referred  to.  The  men  manipulate  admirably,  and 
"  seem  to  apply  themselves  so  as  to  receive  as  much 
"attention  as  is  to  be  obtained  in  their  fortnight." 

A  class  in  Nature  Study  for  school  teachers  was  held 

on  two  week  nights  and  the  Saturday  afternoons  during 

the  period  covered  by  the  third  and  fourth  classes  for 

fishermen.     This    class    was    organised    by    the    Barrow 

Education    Committee,    and    was    attended    by    eighteen 

teachers  belonging  to  their  schools.     The  teachers'  class 

is   also    recognised    by    the    Board    of    Education,    and 

registered  as  an  evening  school.     The  following  is  a  copy 

of  the  report  on  the  class  which  was  sent  to  the  Barrow 

Education  Committee:  — 
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"  Board  of  Education,  South  Kensington. 
"  Barrow-in-Furness,  Piel,  Marine  Laboratory,  Teachers' 

"  Classes,  School  No.  82,519. 
"  Report  of  H.M.  Inspector  for  the  year  1905-06,  with 
**  remarks,  if  any,  added  by  the  Board  of  Education :  — 

*' *  This  is  a  very  useful  class.  The  teaching  is 
**  *  efficient  and  thorough,  and  much  interest  is 
** '  evinced  by  the  students  in  the  study  of  the 
**  *  marine  forms  of  the  syllabus. 

**  *  The  work  is  conducted  in  a  well-equipped 
'' '  Laboratorv.' '' 

The  members  of  the  Scientific  and  General  Purposes 
Committees  of  the  Fisheries  Committee  and  members  of 
various  Education  Committees  in  the  County  visited  the 
laboratory,  under  the  leadership  of  Mr.  James  Fletcher, 
while  the  fishermen's  classes  were  being  conducted. 

The    library    has    received    a    number    of    valuable 
additions  during  the  year,  the  most  important  being:  — 
A  set  of  fifty-eight  volumes,  published  by  the  Ray 
Society,  containing     amongst  others  the  Mono- 
graphs by  Alder  &  Hancock,  Allman,  Mcintosh, 
Bowerbank,  Brady,  Darwin,  Ac. 
United    States    Bulletins    of    the   Fish    Commission, 

1884-1904.     12  vols. 
British  Fresh-water  Fishes,  Houghton.     2  vols. 
Catalogue  of  Madreporia,  vols.  1-5 ;  presented  by  the 

British  Museum. 
Monograph  on  the  Isopods  of  North  America. 
A  number  of  books  and  pamphlets  belonging  to  the 

late  R.  L.  Ascroft ;  presented  by  Mrs.  Ascroft. 
A  number  of  reprints  of  papers  from  the  Reports  on 
the  Sea  and  Inland  Fisheries  of  Ireland,  1904- 
1905  ;  presented  by  Mr.  E.  W.  L.  Holt,  Scientific 
Adviser. 
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REPORT    ON    THE    TOW-NETTINGS. 

By  Andrew  Scott. 

The  collections  of  pelagic  organisms  taken  by  tow-net 
in  various  parts  of  the  Irish  Sea  in  1906  number  four 
liuiidred.  The  results  from  the  examination  of  the 
material  are  given  in  the  monthly  tables  (see  below). 
Although  the  tables  represent  the  organisms  that  were 
present  from  month  to  month  in  particular  areas,  it  does 
not  necessarily  follow  that  they  were  always  in  evidence 
every  time  a  collection  was  made.  Again,  the  number  of 
records  for  any  station  depends  largely  on  the  frequency 
of  the  fishing.  A  comparison  of  the  tables  given  in  last 
year's  Report  shows  that  Cardigan  Bay  had  a  greater 
variety  of  free  swimming  animals  than  any  other  area. 
The  number  of  tow-nettings  taken  there  represented  more 
than  one  every  week,  and  practically  amounted  to  five 
each  month.  The  area  is  a  large  one,  and  collections  were 
made  in  the  vicinity  of  New  Quay  and  Pwllheli  by  the 
fishery  officers  stationed  at  these  places.  Then  at  intervals 
the  fisheries  steamer  took  tow-nettings  in  various  parts  of 
the  territorial  waters  of  the  bay.  This  area,  therefore, 
was  fairly  well  investigated  in  1906,  and  the  results  were 
naturally  high.  Another  thing  to  be  remembered  is  that 
distribution  is  rarely  uniform.  Some  organisms  may  be 
extremely   abundant   at    one   spot,    and   yet   at   another, 

it 

perhaps  only  a  few  miles  away,  are  conspicuous  by  their 
absence. 

During  the  year  1906,  we  derived  a  good  deal  of  fresh 
information  from  the  tow-nettings  relating  to  the  occur- 
rence of  various  important  organisms.     Owing  to  various 
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circumstances,  it  is  almost  impossible  to  get  a  complete 
series  of  collections  for  a  whole  year.  A  continuous  daily, 
or  even  weekly,  sample  from  one  particular  region  is  apt 
to  be  interrupted  through  conditions  of  weather  and  other 
unforeseen  agencies,  over  which  there  is  no  control. 
Again,  a  gathering  taken  once  a  day,  once  a  week,  or  once 
a  month,  may  yield  some  interesting  organisms,  but  one 
would  like  to  know  what  had  happened  in  the  interval, 
whether  the  organism  was  only  a  solitary  example  or  part 
of  a  rich,  widely-diffused  shoal.  The  only  area  that  is 
represented  at  least  once  every  month,  in  1906,  is  Cardigan 
Bay.  This  division  was  dealt  with  in  the  last  Report,  and 
further  consideration  of  its  monthly  plankton  is,  therefore, 
deferred  in  the  meantime.  If  the  tables  giving  the 
occurrence  of  organisms  in  the  areas  investigated  be 
compared,  it  will  be  noticed  that  during  July,  August  and 
September  Port  Erin  had  a  greater  number  of  organisms 
than  the  other  stations  during  that  period.  This  is 
entirely  due  to  the  way  the  area  was  investigated  and  the 
large  number  of  samples  collected.  Professor  Herdman 
chartered  the  small  steam  yacht  ''  Madge,''  and  spent  his 
summer  vacation  making  plankton  hauls  in  the  open  sea, 
in  the  vicinity  of  Port  Erin.  The  region  investigated  lay 
mainly  between  Bradda  Head  and  the  Calf  Island.  The 
amount  of  work  that  was  done  can  be  readily  understood 
when  it  is  stated  that  on  the  twejity-nine  working  days 
when  the  **  Madge ''  was  at  work  seventy-three  tow- 
nettings  in  all  were  taken.  Even  after  the  observations 
made  from  the  yacht  ended,  other  tow-nettings  were  taken 
both  inside  and  outside  Port  Erin  Bay  by  Pro^ssor  Herdman 
and  Mr.  Chadwick.  The  result  is  that  during  the  period, 
July  22nd  to  September  30th,  seventy-nine  collections 
were  made.  More  than  half  that  number  were  taken  in 
the  latter  month.     With  such  a  large  amount  of  material 
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to  investigate,  one  would  expect  that  there  would  be  more 
variety  in  the  plankton  than  if  only  one  or  two  samples 
had  been  taken  in  the  period.  This  is  the  case.  In 
September  no  less  than  fifty-eight  different  kinds  of 
organisms  fall  to  be  recorded.  Professor  Herdman,  in 
his  work  on  the  **  Madge,"  used  five  different  kinds  of  nets, 
all  made  of  fine  silk  bolting  cloth,  as  follows  :  — 

A  Hensen-Petersen  closing  net,  with  200  meshes  to 

the  inch. 
A  small  Apstein  net,  with  212  meshes. to  the  inch. 
An  ordinary  tow-net,  weighted  to  work  below   the 

surface,  120  meshes  to  the  inch. 
An  ordinary  surface  net,  120  meshes  to  the  inch,  used 

for  the  first  time. 
An  ordinary  surface  net,  120  meshes  to  the  inch,  that 

had  been  in  use  for  a  year. 

The  five  nets  were  not  often  used  simultaneously,  as 

a  rule  only  the  surface  and  deep-water  nets  were  worked 

at  the  same  time.       On  measuring  and  examining  the 

Diaterial    collected,    it    was    found    that,    although    the 

ptherings  were  taken  in  equal  periods  of  time  in  a  very 

limited  sea  area,  there  was  no  strict  uniformity,  either  in 

quantity  or  kind  of  organisms  captured.     Sometimes  the 

surface  net  contained  more  material  than  the  deep  one,  at 

other  times  there  was  more  in  the  deep  net  than  in  the 

surface  one.     The  old  surface  net  appeared  to  fish  better 

than  the  new  one.     The  Apstein   net  invariably  had  a 

smaller  catch  than  the  ordinary  net.     When  we  find  such 

differences    in   a   small   section   of   the   Irish    Sea,    what 

must  be  the   conditions   when   the   whole   area   is   fully 

investigated  ? 

It  is  proposed,  in  this  Report,  to  deal  with  the 
distribution  of  organisms,  and  to  show  that  differences  in 
the   nature   of  the   plankton   are   more   frequently   than 
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otherwiBe  co-extensive  with  the  area  over  which  th 
operations  are  conducted.  It  is  a  well-known  fact  ths 
land  animals  and  plants  have  a  distribution  which  depenc? 
largely  on  the  physical  conditions  of  their  surrounding 
One  is  apt  to  forget,  however,  that  the  same  holds  goo 
regarding  marine  life.  The  sea  may  appear  limitless  i 
extent,  but,  after  all,  there  are  many  animals  and  plan 
in  it  that  are  just  as  nicely  adjusted  to  their  habitat  t 
their  relations  on  land,  and  any  change  that  takes  plac 
in  their  surroundings  has  some  effect,  one  way  or  anothe 
on  the  inhabitants  of  the  sea.  We  know  far  moi 
regarding  the  inhabitants  of  the  land  solely  because  of  tt 
comparative  ease  in  reaching  them,  compared  with  tl 
difficulties  that  lie  before  the  marine  investigator.  Th 
worker  amongst  land  animals  and  plants  can  now  affoi 
time  to  deal  with  variation  in  structure,  &c.,  but  tl 
marine  student  has  not,  by  any  means,  exhausted  the  vai 
storehouse  of  the  deep  of  all  its  novelties.  It  is  onl 
within  comparatively  recent  years  that  a  wade-sprea 
study  of  marine  life  has  been  undertaken.  Tl 
co-operation  of  the  Governments  of  various  countries  an 
Sea-Fisheries  Authorities,  along  with  the  efforts  put  fort 
by  independent  naturalists,  has  done  much  to  stimulal 
marine  research.  The  result  is,  we  know  a  great  dej 
more  regarding  the  distribution  of  certain  classes  c 
pelagic  and  semi-pelagic  organisms  now  than  we  did  a  fe 
years  ago.  Every  scientific  expedition  throws  fresh  ligl 
on  the  subject.  There  are  still  quite  a  number  c 
organisms  whose  present  distribution  is  very  limited,  bi 
whether  they  will  prove  on  further  investigation  to  be  s 
local  is  doubtful.  Many  new  forms  of  Copepoda  wei 
brought  to  light  by  the  investigations  conducted  on  th 
"  Challenger  "  over  thirty  years  ago.  Some  of  thei 
were  found  in  tropical  seas,  and  might  have  been  looke 
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upon  still  as  true  warm-water  species,  but  quite  lately 
one  or  two  of  these  species  have  been  detected  off  the 
Coast  of  Norway  and  in  the  deep  cold  area  of  the  Faroe 
Ctannel.  Pelagic  forms  of  Copepoda  are  probably  more 
widely  distributed  than  might  be  expected.  When  one, 
however,  finds  such  a  typical  littoral  form  as  Phyllo- 
thakstris  mysis  (first  described  by  Claus,  from  the 
Mediterranean)  having  its  distribution  afterwards 
extended  to  Norway  and  Ceylon,  or  a  more  inert  species 
^^LaophorUodes  bieomis  (described  from  specimens  found 
off  the  Isle  of  Man)  extending  to  Cape  Verde  Islands, 
there  can  be  little  surprise  at  the  occurrence  of  pelagic 
forms  in  unexpected  places.  In  the  ordinary  course  of 
events,  true  littoral  Copepods  are  rarely  taken  in  taw-nets, 
unless  these  are  worked  near  the  bottom.  Other  means 
have  to  be  employed  for  their  capture,  such  as  dredging 
and  washing  debris  from  larger  invertebrata.  It  is 
obvious  that  it  cannot  be  accurate  to  state  that  littoral 
lorms  of  any  kind  are  absent  if  the  proper  methods  for 
collecting  them  are  omitted.     A  handful  of  weed  washed 

• 

in  weak  spirit  often  brings  to  light  a  surprising  number 

of  organisms,    such    as    Foraminifera,    Ostracoda    and 

littoral  Copepoda,  that  would  not  be  obtained  any  other 

^^y.    Two  instances  of  that  kind  have  come  under  my 

own  notice.     One  was  the  washings  from  a  handful  of 

*lg«,  hurriedly  gathered  on  the   shore  of  the  Island  of 

Sokotra,     which     contained     a     number     of     interesting 

Amphipoda  and  Isopoda.     The  other  was  a  small  quantity 

of  calcareous  and  other  algae  collected  on  the  dead  coral 

roef  fiats  and  madrepora  reefs  in  the  Conflict  atoll,  off  the 

Coast  of  British  New  Guinea.     When  carefully  washed 

and  examined,  these  debris  yielded  a  large  number  of 

littoral  Copepoda  and  Ostracoda.       Some  of  the  littoral 

Copepoda    from     this     distant     island      appear     to     be 


identical  with  forms  we  occasionally  find  in  the  Irish 
Sea. 

Quite  a  number  of  samples  of  surface  plankton  have 
been  taken  in  limited  areas  of  the  Irish  Sea  on  the  same 
day  by  the  steamer,  the  Fishery  officers,  Professor 
Herdman,  and  Mr.  Chadwick  in  the  course  of  this  year. 
The  results  are  given  on  the  following  pages.  Except 
where  otherwise  mentioned,  the  collections  were  secured 
with  an  ordinary  open  tow-net  worked  close  to  the  surface. 

On  January  3rd,  a  collection  was  taken  off  Blackpool 
and  another  near  the  Liverpool  Bar  Lightship.  These 
places  are  about  forty  miles  apart.  The  following  are 
the  organisms  found*  in  each  : — 

Blackpool.  Liverpool  Bar. 

Rhizoeolenia  semispina    c.  ...  r. 

Rhizosolenia  shrubsolei    r.  ...  r. 

Geratium  tripos     fr.  ...  — 

Geratium  fusuB fr.  ...  r. 

Nootiluca    fr.  ...  — 

Sagitta    ab.  ...  c. 

Copepoda    ab.  ...  r. 

Temora  c.  ...  — 

Acartia  clausi c.  ...  r. 

ParacalanuB   c.  ...  r. 

Oithona  similis c.  ...  — 

Oithona  nana    r.  ...  — 

Centropages  hamatuB  r.  ...  — 

Pseudocalanus  r.  ...  r. 

The  difference  here  is  very  marked,  thirteen 
organisms  occurring  at  Blackpool  and  only  seven  at 
Liverpool  Bar.  Three  out  of  the  seven  species  of  Copepods 
are  absent  at  the  latter  place.  Samples  taken  more  in 
the  open  sea  on  the  following  day  near  the  Liverpool 
North-west  Lightship  and  in  Red  Wharf  Bay — places 
about  forty-five  miles  apart — gave  the  following  result:  — 

*  ab.  abundant ;  c.  common  ;  fr.  frequent ;  r.  rare  ;  v.ab.  very  abundant. 
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N.W.  D'ght  Ship.     Red  Wharf  Bay. 

Coflcinodiscus  ooncinnus  fr.  ...  — 

Biddulphia  mobiliensis     r.  ...  — 

Ceratium  tripos     r.  ...  — 

Noctiluca    r.  ...  fr. 

Fleurobrachia    1  ...  — 

Autolytus  1  ...  fr. 

Sagitta    r.  ...  ab. 

Tomopteris    —  ...  r.  * 

Podon     r.  ...  — 

Hyperia  galba    2  ...  — 

ParathemiBto  oblivia    2  ...  — 

Copepoda   ab.  ...  c. 

Calanus  r.  ...  r. 

Temora  fr.  ...  fr. 

Centropages  hamatuB  r.  ...  — 

Paracalanus   —  ...  r. 

Acartia  clausi v.  ab.       ...  fr. 

Oithona  similis fr.  ...  — 

Oikopleura     r.  ...  — 

The  differences  between  these  two  collections  are 
quite  as  marked  as  in  the  previous  examples.  There  was, 
evidently,  a  more  abundant  supply  of  life  out  in  the  open 
sea  than  near  the  land,  and  it  will  be  noticed  that  diatoms 
were  absent  from  territorial  waters.  There  was  a  great 
difference  in  the  amount  of  Copepoda  in  the  two  areas. 
Acartia  clausi  was  present  in  immense  numbers  offshore, 
while  in  Red  Wharf  Bay  the  number  of  this  particular 
species  was  considerably  reduced. 

On  January  22nd  one  tow-netting  was  taken  in 
Port  Erin  Bay,  on  the  following  day  two  were  taken  in 
Cardigan  Bay  by  the  steamer,  and  one  by  Capt.  Jones  in 
Carnarvon  Bay.  The  tow-netting  from  Port  Erin  is  not 
strictly  comparable  with  the  others,  but  is  given  to  show 
the  difference  between  the  plankton  from  the  Central  area 
on  one  day,  and  that  from  close  inshore  in  the  Southern 
area  on  the  next  day. 
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Near 
Port        Patches  Off       Camarv 

Erin.  Buoy.        Uanon.  Ba^r-^ 

Biddulphia     ab.  ...  r.  ...  —  ...  — 

Chstoceroa     ab.  ...  —  ...  —  ...  — 

CoBcinodiscus     ab.  ...  —  ...  —  ...  — 

Rhizosolenia  r.  ...  —  ...  —  ...  — 

Acanthometra   r.  ...  —  ...  —  ...  — 

Ceratium  tripos     fr.  ...  fr.  ...  —  ...  — 

Geratuim  fusus fr.  ...  —  ...  —  ...  — 

Sagitta    fr.  ...  fr.  ...  —  ...  r. 

Tomopteris     fr.  ...  fr.  ...  —  ...  — 

AutolytuB  —  ...  r.  ...  —  ...  r. 

Mitraria r.  ...  fr.  ...  —  ...  — 

Copepoda   c.  ...  c.  ...  —  ...  ab. 

Calanus  r.  ...  —  ...  —  ...  — 

Pseudocalanus  fr.  ...  fr.  ...  —  ...  ab. 

Paracalanus   fr.  ...  fr.  ...  —  ...  c. 

Temora  —  ...  fr.  ...  —  ...  c. 

Anomalocera —  ...  —  ...  —  ...  — 

Centropages  hamatufl  ...  —  ...  r.  ...  —  ...  — 

Acartia   c.  ...  c.  ...  —  ...  — 

Oithona  fr.  ...  —  ...  —  ...  — 

Euterpina  r.  ...  —  ...  —  ...  — 

Oikopleura     fr.  ...  —  ...  —  ...  — 

Plaice  eggs     —  ...  4  ...  4  ...  — 

Post-larval  Herring  —  ...  ab.  ...  —  ...  — 

The  plankton  of  Port  Erin  was  very  rich  in  Diatoms, 
and  most  of  the  other  organisms  mentioned  were  well 
represented.  The  inshore  waters  of  the  Southern  area 
possessed  quite  a  different  plankton  on  the  following  day. 
Diatoms,  with  the  exception  of  a  few  Biddvlphia  taken 
near  the  Patches  Buoy,  were  absent,  both  in  Cardigan  and 
Carnarvon  Bays.  The  Copepoda  at  the  Patches  Buoy 
were  about  as  numerous  as  at  Port  Erin,  but  there  was  a 
slight  difference  in  the  species  at  the  two  places. 
Carnarvon  Bay,  again,  was  distinct  from  any  of  the  other 
three,  and  had  a  very  rich  supply  of  Copepoda,  but  little 
else.  The  collection  taken  off  Llanon  was  rather 
remarkable,  as  it  only  contained  four  plaice  eggs. 
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Tow-nettings  taken  in  any  area  at  intervals 
frequently  show  great  changes  in  the  pelagic  organisms. 
This  is  illustrated  in  the  two  tables  now  given,  which 
show  the  result  from  a  gathering  near  the  Liverpool  N.W. 
Lightship  and  one  in  Red  Wharf  Bay,  on  January  31st. 

N.W.  light  Ship.     Red  Wharf  Bay. 

Biddulphia     —  ...  fr. 

Pleurobrachia    r.  ...  — 

Sagitta    e.  ...  ah. 

Autolytiis  1  ...  — 

Mitraria r.  ...  — 

Crab  zoea   r.  ...  — 

Copepoda    c.  ...  v.  ab. 

Calanus  fr.  ...  c. 

Paeudocalanus  fr.  ...  c. 

ParacalaDus   fr.  ...  c. 

Temora  fr.  ...  c. 

Acartia  clausi c.  ...  c. 

Oithona  similis —  ...  c. 

Pkuceeggs     1  ...  — 

When  these  results  are  compared  with  those  given 
for  January  4th,  it  will  be  seen  that  Diatoms  and 
Copepods  were  then  fairly  abundant  in  the  open  sea  off 
the  Lightship,  but  in  Red  Wharf  Bay  the  former  were 
absent  altogether  and  Copepoda  much  scarcer.  In  the 
above  examples  a  complete  reversal  is  shown  to  have  taken 
place  in  the  course  of  twenty-seven  days.  Diatoms  are 
absent  from  the  open  sea  collection,  and  Copepoda  much 
reduced  in  quantity.  On  the  other  hand,  Diatoms  have 
come  into  Red  Wharf  Bay,  and  Copepoda  become  very 
abundant.  Such  marked  changes  are  often  found,  not 
only  after  intervals  of  time,  but  frequently  in  a  very 
limited  area,  on  the  same  day.  On  February  1st,  four 
iow-nettings  were  taken  along  the  coast  of  North  Wales, 
between  Red  Wharf  Bay  and  Rhyl,  which  show  that 

D 
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although  organisms  may  be  widely  distributed  the 
relative  abundance  may  change.  The  distance  between 
Red  Wharf  Bay  and  Rhyl  is  about  fifteen  miles,  and  the 
following  tables  show  the  distribution  :  — 

Red  Wharf    Off  Puffin  Conway 

Bay.            Island.  Bay.      Off  Rhyl 

Biddulphia     r.       '...       —      ...  —      ...       r. 

Ck)6cinodi8cus     .; r.        ...       fr.       ...  fr.       ...       r. 

Ceratium  tripos     r.        ...      —      ...  —      ...       r. 

Pleurobrachia    —      ...       r.        ...  r.        ...       r. 

Sagitta    r.        ...     v.  ab.  ...  v.  ab.  ...       r. 

Autolytus  r.        ...       —      ...  —      ...       r. 

"Mitraria"    r.        ...       —      ...  —      ...       — 

Copepoda    c.        ...       c.        ...  c.        ...       c. 

Calanus  —      ...       —      ...  r.        ...       — 

Pseudocalanus  fr.      ...       fr.       ...  fr.       ...       fr. 

Paraoalanus   fr.       ...      fr.       ...  fr.       ...       fr. 

Temora  fr.       ...       fr.      ...  fr.       ...       fr. 

Acartia  clausi fr.       ...       fr.       ...  fr.      ...       fr. 

Oithona  similis r.        ...      r.        ...  r.        ...       r. 

£uterpina  .^ r.        ...      r.        ...  r.        ...       r. 

Plaice  eggs     —      ...       1        ...  —      ...       — 


The  collections  taken  in  Red  Wharf  Bay  and  off 
Rhyl  show  that  the  plankton  was  practically  the  same  at 
the  two  places.  The  intermediate  stations,  however, 
show  important  differences.  At  the  extreme  ends  of  this 
area  Diatoms  were  rare,  and  only  two  genera  were 
represented;  Sagitta  was  also  scarce.  The  plankton  in 
the  vicinity  of  Puffin  Island  and  in  Conway  Bay  contained 
one  of  the  two  genera  of  Diatoms  only,  but  the  increase  in 
the  number  of  specimens  was  quite  conspicuous.  SagiUa, 
on  the  other  hand,  constituted  the  bulk  of  the  inter- 
mediate gatherings,  and  it  is  probable  that  a  shoal  had 
been  passed  through  during  these  observations.  This 
shoal  appeared  to  be  quite  limited  in  width  and  depth,  aa 
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only  a  few  specimens  were  captured  by  the  bottom  tow- 
nets.  It  will  be  noticed,  too,  that  only  one  plaice  egg 
was  taken  along  this  fifteen  mile  line. 

The  conditions  prevailing  in  the  open  sea,  off  the 
North-East  end  of  the  Isle  of  Man,  about  the  middle  of 
February,  are  shown  by  the  following  three  collections, 
taken  in  the  vicinity  of  Bahama  Bank  on  February 
20th:  — 

(1) 

Si^tta    ab. 

Tomopteris    — 

Autoljrtus  — 

Copepoda   c. 

Calanus  fr. 

Pseudocalanus  ab. 

Paracalanus   fr. 

Centropages   r. 

Acartia   r. 

Crab  zoea   — 

Eurydice     — 

Hyperia — 

Mysis  — 

Nyctiphanes  — 

Plaice  eggs     ab.  ^ 

Flounder  eggs    r. 


(2) 

(3) 

c. 

ab. 

r. 

r. 

r. 

c. 

0. 

fr. 

ft. 

ab. 

ab. 

fr. 

fr. 

r. 

r. 

r. 

r. 

r. 

1 

1 

1 

I 

ab.       . 

fr. 

r. 

r. 

The  differences  in  these  are  very  slight,  and  show 
that  the  distribution  was  fairly  uniform.  The  presence  of 
the  higher  Crustacea  in  the  third  haul,  the  reduction  in 
quantity  of  SagiUa  in  the  second  haul,  and  the  decrease 
in  plaice  eggs  in  the  third  haul  are  the  only  important 
features. 

On  February  21st  one  tow-netting  was  taken  in 
Red  Wharf  Bay  and  one  in  the  open  sea  about  twelve 
miles  North-East  from  the  bay.  Considerable  change 
in  the  collections  is  shown  in  the  following  list  of 
organisms: — 
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Red  Wharf  Bay.     12  Miles  N.l 

Biddulphia     c.  ...  ab. 

Coscinodiscus     fr.  ...  ab, 

Ceratium  fusus —  ...  r. 

Sagitta    —  ...  6 

Autolytus  —  ...  2 

Copepoda    r.  ...  r. 

Calanus  r.  ...  r. 

Paracalanus   r.  ...  r. 

Acartia    r.  ...  r. 

Oithona  r.  ...  r. 

Plaice  eggs     —  ...  r. 

Cod  eggfl     r. 

Haddock  eggs    r. 

Bib  eggs —  ...  r. 

Rockling  eggs    r. 


•  •  i 


•  •  • 


t  •  • 


The    open    sea    contained    more    Diatoms    than 
territorial   waters.     A    few   Sagitta   and   Autolytus    w 
present  in  the  open  sea,  but  entirely  absent  inshore.     T 
eggs  of  plaice  and  bib  were  taken  in  the  open  sea  or 
and  those  of  cod,  haddock  and  rockling  inshore. 

Two  collections  taken  six  miles  apart  in  the  ai 
sixteen    miles  W.N.W..   of   Piel,   gave   practically   eq 
results  on    March  13th,    but    the    constituents    of 
plankton  were  very  different  from  what  prevailed  in 
open  sea  off  Red  Wharf  Bay  two  weeks  before. 


Sagitta      

Autolytus  

Copepoda    

Acartia    

Paracalanus 
Plaice  eggs 
Flounder  eggs 

Dab  eggs. 

Cod  eggs     


(1) 

(2) 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

ab. 

ab. 

ab. 

ab. 

ab. 

ab. 

ab. 

ab. 
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On  March  20th  tow-nettings  were  taken  in  territorial 

waters  off   New   Quay   Head,   in   Carnarvon   Bay,   near 

Duddon  Buoy,  and  in  the  open  sea  fifteen  miles  West 

from  the  entrance  to  the  Duddon.     These  throw  light  on 

the    conditions  in  the  territorial  waters  at  the  extreme 

Uoiits  of  the  district,  and  also  enable  a  comparison  to  be 

Diade  between  the  open  sea  and  inshore  waters  at  the 

^ortl  end  of  the  area. 

Off  New  Carnarvon      Duddon     15  Miles 
Quay.  Bay.  Buoy.       \V.  from 

Duddon. 

Cosoinodiscus     —  ...  r.  ...  —  ...  — 

fiicldulphia     —  ...  r.  ...  —  ...  — 

^^armtta    —  ...  r  ...  r.  ...  r. 

^titiolytus  r.  ...  r.  ...  —  ...  — 

^^^wea   c.  ...  —  ...  r.  ...  r. 

*  ^^-"plii  of  barnacles     c.  ...  v.  ab.  ...  —  ...  — 

'^'^'■Tkjod  stage  of  barnacles...  —  ...  r.  ...  —  ...  — 

^^l^fccpoda    r.  ...  r.  ...  r.  ...  r. 

**^**uo   ••••••••••••••••••••>•••  '   ■  •  •  •  ^^"^  •  •  •  r»  •  •  •  r« 

-^^aracalanus   —  ...  —  ...  r.  ...  r. 

-I^emora —  ...  r.  ...  r.  ...  r. 

^-Xcartia    r.  ...  r.  ...  r.  ...  r. 

A^ieeeggs     r.  ...  —  ...  r.  ...  r. 

*^^Tmderegg8    —  ...  —  ...  r.  ...  r. 

^^*^«gR8     —       ...       —       ...       r.        ...       r. 

^  ^^itingeggs ab.     ...       r.        ...       r.        ...       r. 

^^V>  ab  —  r  r 

*^^^kling     ab.      ...       r.        ...       r.        ...       r. 

Diatoms  and  barnacle  larvae  were  present  in 
C^^Harvon  Bay  only.  Copepoda  were  very  scarce  at  all 
the  stations,  but  a  noticeable  difference  in  varietv  of 
ftp^cies  is  obvious  at  the  northern  area.  The  eggs  of 
whiting  and  rockling  occurred  in  all  the  four  collections, 
but  were  more  numerous  off  New  Quay  than  in  the  others. 
Plaice  and  bib  were  present  at  the  North  and  South 
extremities,  cod  and  flounder  at  the  North  end  only.  The 
open  gea  plankton  was  the  same  as  that  found  inshore. 
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Two  collections  were  taken  near  Duddon  Buoy  on 
March  Slat,  within  three  miles  of  each  other,  and  although 
they  gave  similar  results  so  far  as  variety  of  the 
constituents  go,  showed  great  difference  in  relative 
abundance  of  Diatoms  and  Sagitta, 

Duddon  SMilesN.W. 

Buoy.  from  the 

Buoy. 

Biddulphia     v.  ab.       ...  c. 

Chsetoceros     r.  ...  r. 

Coscinodiscus     v.  ab.       ...  c. 

Rhizosolenia r.  ...  r. 

Ceratium  tripos fr.  ...  r. 

Ceratium  fuBus fr.  ...  r. 

Alcyonium  eggs     r.  ...  r. 

Sagitta    r.  ...  v.  ab. 

Eurydice     r.  ...  r. 

Copepoda   c.  ...  c. 

Pseudocalanus  fr.  ...  fr. 

ParacalanuB   fr.  ...  fr. 

Temora  r.  ...  r. 

Acartia    fr.  ...  fr. 

Plaice  eggs r.  ...  — 

Bib  eggs r.  ...  r. 

It  will  be  seen  that  there  was  a  greater  abundance  of 
Diatoms,  chiefly  Biddulphia  and  Coscinodiscus,  near  the 
buoy  than  further  off,  and  also  that  Sagitta  were  more 
plentiful  three  miles  away  from  the  buoy  than  close  to  it. 
A  comparison  of  these  two  collections  with  the  one  taken 
close  to  Duddon  Buoy  on  March  20th,  shows  a  very 
marked  change.  Eleven  days  before  these  later  ones  were 
secured  no  Diatoms  at  all  were  present,  and  yet,  in  the 
course  of  a  short  period,  they  have  made  their  appearance 
in  large  numbers. 

On  April  24th  three  tow-nettings  were  taken  near  the 
Morecambe  Bay  Lightship,  within  an  area  of  about  six 
miles.     The  results  are  almost  identical,  and  it  is  evident 
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tbat  the  coQstituentB  were  fairly  uniformly  diffused  at 
this  place  at  the  time  the  samples  were  taken. 


(1) 

ab. 
ab. 
ab. 


Biddulphia     

Coacinodiscus     

Rhizosolenia  

Geratium  tripos     c. 

Geratiam  fusus c. 

Alcyonium  eggs     r. 

SagitU    — 

Autolytus  r. 

Crab  zoea   r. 

Copepoda    r. 

Temora  r. 

Paracalaous   r. 

Acartia   r. 

Ascidian  eggs     c. 

Oikopleura     r. 

Dab  eggs v.ab. 

Haddock  eggs    v.ab. 

Whiting  eggs v.ab. 

Bib  eggs v.ab. 


(2) 

(3) 

ab. 

ab. 

ab. 

ab. 

ab. 

ab. 

c. 

c. 

c. 

c. 

r. 

r. 

r. 

r. 

c. 

c. 

c. 

r. 

K»     • 

c. 

c. 

c. 

r. 

r. 

v.ab. 

v.ab. 

v.ab. 

v.ab. 

v.ab. 

v.ab. 

v.ab. 

v.ab. 

Collections  taken  at  the  North  end  of  Cardigan 
Bay,  on  April  27th,  show  considerable  variation  in  the 
constituents  of  the  plankton,  as  will  be  seen  from  the 
following  tables : — 


Tremadoc 
Bay 


Off 
Llanbedrog. 


Biddulphia     

Clifletoceros     

Coscinodiscus     

Rhizosolenia  

Alcyonium  eggs     

SagitU    

Crab  zoea   

Kauplii  of  barnacles     

Ostracod  stage  of  barnacles. 
Copepoda    

Pseudocalanus  

Temora  

Centropages   

Acartia   

Oithona  

Brill  eggs    

Haddocl^eggs    

Pollack  eggs  

Sprat  eggs 

Rockling  eggs    

Spotted  Dragonet  eggs 


r. 

ab. 

r. 

r. 

r. 


c. 
c. 

fr. 
fr. 
fr. 
r. 


r. 


r. 
r. 
c. 

0. 

c. 

fr. 

fr. 

fr. 

fr. 

c. 


r. 
r. 
r. 
r. 


Off  Kilan 
Head. 

« 

r. 
r. 


r. 
r. 
c. 
c. 
r. 


r. 

r. 
r. 

r. 
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Diatoms,  especially  Coscinodiscus,  were  plentiful  i 
Tremadoc  Bay,  absent  altogether  off  Llanbedrog,  and  verj 
scarce  off  Kilan  Head.  Copepoda,  though  common  ir 
Tremadoc  Bay  and  oft*  Llanbedrog,  were  nearly  absent  a^ 
Kilan  Head.  At  the  latter  place  only  one  species 
Acartiuy  was  detected.  Fish  eggs  were  very  unevenl; 
distributed,  and  out  of  a  total  of  six  different  kind 
present  in  the  northern  portion  of  Cardigan  Bay  onl; 
one  was  represented  in  Tremadoc  Bay. 

On  May  7th,  three  collections  were  again  taken  nea 
Morecambe  Bay  Lightship.  The  first  were  taken  close  t 
the  ship,  the  second  five  miles  West,  and  the  third  eigh 
miles  West  from  it.  The  plankton  was  identical  in  thes 
samples. 

.  (1)  (2)  (3) 

Biddiilphia     r.  ...  r.  ...  r. 

CoscinodiscuM     r.  ...  r.  ...  r. 

RhizoBolenia  v.ab.  ...  v.ab.  ...  v.ab. 

Ceratium  fusiis  c.  ...  c.  ...  c. 

Alryoniiim  egg«     r.  ...  r.  ...  r. 

Ploiirobrachia    r.  ...  r.  ...  r. 

Sagitta    r.  ...  r.  ...  r. 

Ostracod  8ti^e  of  barnacles c.  ...  c.  ...  c. 

Co|)epoda    c.  ...  c.  ...  c. 

Pseudocalanus   fr.  ...  fr.  ...  fr. 

Temora   fr.  ...  fr.  ...  fr. 

Centropages    ^  fr.  ...  fr.  ...  fr. 

Acartia    fr.  ...  fr.  ...  fr. 

Sprat  eggs  r.  ...  r.  ...  r. 

Gurnard  eggs     —  ...  r.  ...  r. 

Although  these  collections  are  all  practically  tl 
same,  they  show  some  differences  from  the  former  samph 
taken  on  April  24th.  On  the  first  occasion  three  genei 
of  Diatoms  were  present,  but  all  were  equally  abundan 
Thirteen  days  later  two  of  the  genera  were  exceeding! 
scarce,  while  the  third,  Rhizosolenia,  had  increased  i 
quantity.     The   complete   change   in   fish   eggs   is   to   I 
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expected.  Those  noted  on  the  earlier  date  had  probably 
been  hatched,  or  widely  scattered  by  winds  and  currents 
before  the  second  visit.  Copepoda  had  become  more 
plentifid,  and  the  free  swimming  ostracod  stage  of 
barnacles  made  their  appearance  amongst  the  pelagic 
organisms  taken  on  May  7th. 

On  May  15th  tow-nettings  were  taken  off  Blackpool, 
at  the  entrances  to  the  Kibble  and  Mersey,  in  Carnarvon 
Bay  and  off  Xew  Quay  Head.  The  differences  between 
the  plankton  collected  off  the  Lancashire  coast  and  that 
from  the  Welsh  areas  is  very  marked. 

Oft 

Blackpool. 

Biddnlphia     r. 

Coscinodiscus     r. 

RhizoBolenia  ab. 

Ceratiura  tripos     r. 

Ceratium  fii8ii8 r. 

Ceratiuni  fiirca r. 

Noctilaca    r. 

Pleurobrachia    c. 

iSagitta    r. 

**Mitraria"    r. 

Crab  zoea   r. 

Ostracod  stage  of  barnarleH...  — 

Copepoda   r. 

ParacalanuH   r. 

Temora  — 

Centropages       — 

Anomaloccra — 

Isias...! — 

Acartia  clauHi r. 

Acartta  discaiidata    r. 

Kvadne   — 

Oikopleiira     r. 

Brill  eggs    — 

Rockliiig  eggs    — 


Ribblc 

Mersey 

Carnarvon 

Oft  New 

entrance. 

entrance 

• 

Bay. 

Quay. 

...     r. 

r. 

v.ab. 

...     r. 

...     r. 

r. 

v.ab. 

...     r. 

...    ab. 

ab. 

B    ■    • 

...     r. 

r. 

t    •    •                    ^^^ 

r. 

•    « 

•    • 

r. 

■    ■ 

c. 

•    • 

...     r. 

r. 

..     r. 

r. 

— 

*  •  • 

...     r. 

r. 

•  •  • 

c. 

•  ■ 

...     r. 

r. 

c. 

..  v.ab. 

...     r. 

r. 

...     c. 

— 

('. 

...     ('. 

— 

c. 

...     c. 

...     r. 

fr. 

...     r. 

...     r. 

r. 

..     c. 

— 

r. 

•  • 

r. 

r. 

•  •  • 

r. 

c. 

•  •  • 

...     r. 

...     r. 

Three  genera  of  Diatoms 
Lancashire  coast,  but  only  one 


were  represented   on   the 
of  these  was  plentiful,  the 
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other  two  were  rare.  In  Carnarvon  Bay  it  was  found  that 
the  form  so  abundant  between  the  Mersey  entrance  and 
Blackpool  was  quite  absent,  but  the  other  two  were  present 
in  immense  numbers.  Off  New  Quay  the  abundant 
member  of  the  northern  waters  was  also  absent,  and  the 
other  two  rare.  The  Copepoda  were  very  unequally 
distributed,  large  numbers  were  found  off  New  Quay,  a 
fair  quantity  in  Carnarvon  Bay,  and  only  a  very  few  in 
the  North  District.  Fish  eggs  were  only  observed  in  the 
collection  from  New  Quay.  The  distinction  between  the 
constituents  of  the  plankton  on  the  Welsh  and  Lancashire 
coasts  is  very  marked. 

The  following  two  results  show  the  conditions 
existing  close  to  land  and  in  the  open  sea.  On  May  22nd 
one  collection  was  taken  off  the  entrance  to  the  Ribble 
and  one  close  to  the  Liverpool  North-West  Lightship. 
The  latter  is  about  seventeen  miles  S.W.  from  the  former. 


Coscinodiscus 
Rhizosolenia  .... 
Ceratium  tripos 
Ceratium  fusus  . 
Pleurobrachia  , 
"Mitraria"    .... 

Sagitta    

Crab  zoea   

Crab  megalopa  . 

Podon      

Evadne   

Copepoda    

Paracalanus   . 

Temora  


Centropages 
Anomaiocera 
Acartia    

Oikopleura     . . . 

Brill  eggs 

Rockling  eggs 


Ribble 
Ehitrance. 

Liverpool  N.  W 
Lightship. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

— 

r. 

r. 

— 

r. 

r. 

r. 

c. 

r. 

r. 

r. 

c. 

c. 

r. 

— 

r. 

c. 

r. 

r. 

— 

r. 

—            ,, 

r. 

The  most  noticeable  difference  between  the  two 
stations  is  the  relative  abundance  of  the  Copepoda ;  these 
were  more  numerous  in  the  open  sea  than  close  inshore. 
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The  other  organisms,  with  the  exception  of  the  fish  eggs, 

appeared  to  be  fairly  uniform  in  their  distribution  on 

that  date.    A  comparison  of  the  plankton  at  the  Ribble 

entrance  on   the   above   date    with   that   of   seven   days 

previously   shows    a    great    change    in    the    quantity    of 

Diatoms  on  the  two  dates.     On  the  first  dat€  three  genera 

^ere  represented,    one    of   which    was   present   in   large 

numbers   on    the   second    visit,    one    of    the    forms   had 

disappeared,  and  the  prevalent  genus  had  decreased  so 

very  much  in  quantity  that  only  a  few  specimens  were 

detected. 

On  May  24th  two  tow-nettings  were  taken  in 
Cardigan  Bay,  one  near  the  Patches  Buoy  and  the  other 
off  Xew  Quay  Head,  about  fourteen  miles  S.W.  from  the 
former.  A  third  collection  was  made  off  Dinas  Head, 
about  twenty-three  miles  in  a  westerly  direction  from 
?few  Quay  Head.  These  three  were  all  from  inside  the 
territorial  limit,  and  give  an  idea  of  the  conditions  of  the 
plankton  along  that  portion  of  the  Welsh  coast. 

Patches         New  Quay         Dinas 

Buoy.  Head.  Head. 

Plearobrachia    c.  ...  —  ...  r. 

Sania  tubulosa —  ...  —  ...  c. 

Sagitta    r.  ...  c.  ...  c. 

AutolytuB   r.  ...  —  ...  r. 

"Mitraria"    r.  ...  r.  ...  — 

Podon     —  ...  r.  ...  — 

Crab  zoea   —  ...  r.  ...  c. 

Megalopa    —  ...  —  ...  c. 

Copepoda    ab.  ...  ab.  ...  c. 

Caianus  —  ...  —  ...  r. 

FseudocalanuB   c.  ...  c.  ...  fr. 

Paracalanus   c.  ...  c.  ...  fr. 

Temora  c.  ...  c.  ...  fr. 

Centropages   c.  ...  c.  ...  fr. 

Oikopleura     —  ...  r.^  ...  — 

Brill  eggs    r.  ...  t.^  ...  — 

Turbot  ^gB    —  ...  r.  ...  — 

Gurnard  eggs     r.  ...  —  ...  r. 

Sprat  eggs —  ...  r.  ...  — 

B^ockling  eggs    —  ...  —  .••  r- 

The  distribution  of  the  organisms  in  this  area  was 
cridently  far  from  uniform.     The  Copepoda  in  the  first 


two  were  practically  identical,  and  they  were  mor 
abundant  there  than  off  Dinas  Head.  On  the  other  hand 
Crab  Zoea  and  Megalopa,  though  tolerably  common  o 
Dinas  Head,  were  quite  absent  at  the  Patches  Buoy. 
Four  out  of  the  five  kinds  of  fish  eggs  occurred  oft 
New  Quay,  and  two  only  at  the  other  places. 

Three  weeks  later,  June  14th,  the  same  area  was 
again  traversed,  and  the  following  are  the  results  then 
obtained :  — 


Pleurobrachia    

S^tta    

Autolytus   

"Mitraria"    

Crab  zoea   

Crab  megalopa  

Copepoda    

Calanus  

Psendocalanus   

Paracalanus    

Temora   

Centroi>age«    

Acartia    

Oikopleiira     

Mackerel  eggs    

Rockling  egg8    

Weever  eggs  

Common  Dragonet  eggs 


Patcjhes 

New  Quay 

Dinas 

Buoy. 

Head. 

Head. 

•  •  • 

r. 

0. 

r. 

c. 

r. 

r. 

— 

r. 

r. 

0. 

c. 

— 

r. 

r. 

ab. 

ab. 

r. 

r. 

r. 

— 

— 

v.. 

c. 

0. 

r. 

r. 

r. 

r. 

ab. 

ab. 

— 

c. 

r. 

ab. 

— 

('. 

0. 

— 

r. 

— 

— 

r. 

— 

There  is  very  little  difEercnce  in  the  plankton  of  the 
two  periods,  excepting  a  natural  change  in  the  kind  of 
fish  eggs.  Oopepoda  continued  to  be  abundant  at  the 
South  end  of  Cardigan  Bay,  and  scarce  ofE  Dinas  Head. 
Acartia,  which  was  not  seen  in  the  Cardigan  Bay 
collections  on  May  24th,  was  extremely  plentiful  on  the' 
second  occasion.  Crab  Zoea  were  more  common  off  Xew 
Quay    Head,    and    had    extended    to    the   region    of    the 
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?^tcbe8  Buoy  on  the  second  visit.     OfE  New  Quay  Head 
^^  sea  was  richly  populated  with  the  eggs  of  mackerel. 

On  July  12th  tow-nettings  were  taken  off  Puffin 
Wand,  in  Red  Wharf  Bay,  and  off  Kilan  Head  at  the 
North  end  of  Cardigan  Bay.  The  results  showed  extreme 
differences :  — 


Off  Puffin 
Island. 

Noctiluca    v.ab. 

SagittA    r. 

Crab  zoea  r. 

Cnh  mcgalopa r. 

Evadne   — 

Copepoda    v.r. 

Calanus  v.r. 

Temora  v.r. 

Centropagos    v.r. 

Iwas — 

Anomak>cera — 

Acartia    v.r. 

Brill  eggs    — 

Sprat  eggs  — 

VVeever  eggs   — 

Rocklingeggs — 


Rod  Wharf 
Bay. 

T.ab. 


Kilan 
Head. 


c. 

c. 

v.ab. 
v.ab. 

c. 

c. 
fr. 
fr. 
v.ab. 
r. 
r. 
r. 
r. 


The  plankton  in  Red  Wharf  Bay  consisted  of 
NftctUuca  only.  Off  Puffin,  the  chief  constituent  was 
again  Noctiluca,  The  other  organisms  mentioned  were 
represented  by  a  few  individuals.  The  collection  taken 
off  Eilan  Head  gave  quite  different  results.  The 
plankton  there,  at  that  time,  was  practically  composed  of 
Evadne  and  Acartia  in  great  abundance.  Calanus, 
Cenlro pages  and  larvae  of  crabs  were  tolerably  common. 

Collections  off  Blackpool  and  at  the  entrance  to  the 
Bibble  were  taken  on  July  18th.  These  stations  are  only 
about  six  miles  apart,  yet  the  plankton  was  very  distinct 
in  each  place. 


Ceratium  tripoe 

Noctiluca    , 

Sagitta    

Crab  zoea 

Crab  megalopa  , 

Copepoda   , 

Centropages   . 

Temora  , 

Anomalocera  , 

Acartia    , 

Oikopleura     .... 


Entrance 

Off  Blackpool 

to  Ribbld. 

c. 

r. 

c. 

r. 

r. 

c. 

v.ab. 

r. 

v.ab. 

v.r. 

r. 

v.r. 

r. 

v.r. 

r. 

v.r. 

r. 

r. 

r. 

Noctiluca,  though,  tolerably  common  off  Blackpool, 
was  almost  absent  a  few  miles  away.  On  the  other  hand, 
the  collection  taken  at  the  entrance  to  the  Ribble  consisted 
of  little  else  than  Zoea  and  Megalopa  of  crabs.  OS 
Blackpool  the  former  was  fairly  numerous,  and  the  latter 
very  scarce. 

The  North  Wales  area  was  traversed  again  on  August 
10th,  and  tow-nettings  were  taken  in  Llandudno  Bay,  off 
Puffin  Island  and  in  Red  Wharf  Bay.  These  collections 
differed  from  each  other,  and  also  showed  great  changes 
when  compared  with  the  plankton  found  four  weeks 
previously. 


Rhizosolenia  .... 

Ceratium  tripos 

Noctiluca    

Pleurobrachia 

Sagitta    

Crab  zoea   

Crab  megalopa 

Copepoda    

Temora  

Centropages 
Acartia    

Oikopleura     . . . 

Weever  eggs  . . . 


Llandudno 
Bay. 

Off  Puffin 
Island. 

lUd  WhaH 
Bay. 

—        ,. 

r. 

v.ab.    . . 

r. 

r. 
v.ab. 

r. 

r. 

— 

c. 

— 

r. 

r. 

— 

r.: 
r.M 

r. 
r. 
r. 

r.l 

r. 

_    : 

r. 
r. 

The  plankton  in  Llandudno  Bay  was  practically 
composed  of  Noctiluca,  In  Red  Wharf  Bay  similar 
conditions  prevailed,  but  the  Noctiluca  was  mixed  with  a 
few  other  organisms.  It  will  be  noted,  too,  that 
Rhizosolenia  was  apparently  just  making  its  appearance. 
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Tlie  intermediate  plankton  in  the  vicinity  of  Puffin 
Island  was  quite  distinct  from  that  found  at  the  ends  of 
the  area.  There  was  no  Noctiluca  at  all,  but  Crab  Zoea 
were  tolerably  common.  Comparing  these  results  with 
the  condition  existing  a  month  before,  we  find  that  the 
wa  close  to  Puffin  Island  was  then  •  swarming  with 
ffodiliusa,  and  that  Crab  ZoesB  were  very  scarce.  In  Red 
Wharf  Bay  we  had  only  pure  Noctiluca  at  the  beginning 
of  August,  now  other  organisms  are  making  their 
appearance. 

After  the  lapse  of  another  month  the  area  was  partly 

iflTestigated  again,  and  at  the  same  time  a  sample  of  the 

plankton  in  the  Central  area  was  secured.       Collections 

were  taken  on  September  7th  in  Llandudno,  Conway  and 

Bed  Wharf  Bays,  and  in  the  vicinity  of  Port  Erin.     The 

following  are  results:  — 


Bay. 

BiddulphU     — 

Cluetoceros     — 

Rhixosolenia  — 

Ceratium  tripos     c. 

Ceratiiim  fusus — 

Noctiluca    c. 

Pleurobrachia    c. 

Sagitta    c. 

Autolytos  — 

Tomopteris    — 

Crab  zoea  — 

Crab  megalopa  — 

Podon     — 

Eradne  — 

Copepoda   c. 

Calanos  — 

Pbeudocalanus  — 

Paracalanus   fr. 

Anomalocera — 

Tcmora  fr. 

Centropages   fr. 

Isias. — 

Acartia   r. 

Oithona  — 

Eorjdice — 

Parathemisto     r. 

Hjrperia r. 

Oikopleura     — 


Llandudno    Conway 


Bay. 


•  •  ""^~ 

•  •  C'a 

■  •  ^^^■" 

•  •  ^^^" 

•  •        c« 

C. 

•  •  ^"^ 

•  •  ■— ^^ 

•  •  """^ 

fr. 

•  •  ^^^ 

fr. 


Red 

Wharf 

Bay. 

r. 

r. 

ab. 

0. 

r. 
c. 
c. 
c. 

r. 

0. 

c. 

fr. 

fr. 

c. 

r. 
r. 

r. 


Port 
Erin. 


0. 


c. 
r. 

c. 

c. 
c. 
ab. 

0. 
0. 

c. 
c. 
c. 
r. 
r. 
c. 
c. 
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Noctiluea  was  less  abundant,  but  the  Copepoda  ha 
become  more  numerous,  since  the  visit  on  August  lOt 
Diatoms  appeared  to  be  increasing,  and  Rhizosolenia  wj 
extremely  plentiful  compared  with  the  results  obtained 
month  before  in  Red  Wharf  Bay.  The  sea  near  Po 
Erin  had  a  rich  Supply  of  Copepods,  but  no  Diatoms  we 
present. 

On  September  14th  one  tow-netting  was  taken  i 
Eed  Wharf  Bay,  one  at  the  entrance  to  the  Mersey  ai 
one  in  the  vicinity  of  Port  Erin.  The  results  show  sod 
differences  between  the  two  coastal  areas,  and  a  very  gre 
distinction  between  the  plankton  of  the  coast  and  that 
the  Central  area. 


Rhizosolenia  

Ceratium  tripos 
Ceratium  fusiis  . . 

Noctiluea    

Plciirobrachia 

iSagitta    

Autolytus   

>fitraria 

Crab  zoea   

Crab  incgalopa  .. 

Evadne   

Podon     

Copepoda    

Calanus  

Pflcudocalanus 

Panvcalanus   .. 

Temora 

Centropages   . , 

Auomalocera  .. 

Acartia   

Oithona 

Oikopleura     


Red  Wharf 

Entrance 

Hay. 

to  Mersey. 

Port  Eri 

r. 

— 

— 

c. 

c. 

0. 

r. 

r. 

— 

c. 

c. 

— 

0. 

— 

— 

c. 

r. 

r. 

— 

— 

r. 

I. 

— 

— 

— 

r. 

r. 

c. 

r. 

— 

— 

— 

c 

— 

— 

0. 

r. 

r. 

0. 

— 

— 

fr. 

— 

— 

fr. 

— 

fr. 

r. 

r. 

fr. 

r 

r. 

fr. 

— 

— 

fr. 

r. 

r. 

fc. 

— 

— 

fr. 

— . 

r. 

fr. 
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Considerable  change  had  evidently  taken  place  in 
Sed  Wharf  Bay  in  the  course  of  seven  days.  A  week 
previous  to  this  sample  being  taken  the  bay  was  full  of 
Wiizosolenia,  with  representatives  pf  Coscinodiscus  and 
Biddulphia,  Now  we  see  that  the  two  latter  have  gone, 
and  the  first  has  become  very  scarce.  Copepoda  continued 
^0  be  very  scarce  along  the  coast,  but  were  tolerably 
rommon  in  the  Central  area. 

A  partial  investigation  of  the  North  Wales  area  was 
again  made  on  October  25th.     One  collection  was  taken 
off  Puffin  Island  and  one  in  Llandudno  Bay.     A  tow- 
netting  was  taken  in  the  vicinity  of  Port  Erin  on  the 
same  day,  so  that  it  is  possible  to  compare  the  coastal 
plankton  with  that  in  the  Central  area. 


Off  Puffin     Llandudno 


iHland. 


^iddulphia     

Chetoceros     

Coscinodiscus 

Rhizosoknia  

C*eratium  tripos 
C'oratium  furca  .. 
Ceratium  fusus  .. 
Pleurobrachia    . . 

Sagitta    

Copepoda    

rialaniis  

PseudocalanuH 

Paracalanus   . . 

Temora  

Centropages   . . 

Acartia    

Oithona  

Oikopleura     


Bay. 


c. 

c. 

ab. 

v.ab. 

c. 

c. 

c. 

c. 

c. 

c. 

c. 

c. 

r. 

r. 

v.ab.    . 

c. 

v.ab.    . 

c. 

c. 

fr. 

0. 

fr. 

c. 

fr. 

c. 

fr. 

c. 

fi. 

— 

Port  Erin, 
r. 

ab. 
c. 

r. 

r. 

r. 

c. 

ab. 

r. 

fr. 

fr. 

fr. 

c. 

fr. 

fr. 


The  above  tables  show  that  Diatoms  had  become  very 
numerous  in  the  coastal  waters  of  North  "Wales,  and  also 
that,  although  they  were  not  uniformly  distributed,  the 


62 

visitation  had  extended  to  the  Isle  of  Man.  The  most 
abundant  form  along  the  North  Wales  coast  was 
CoscinodisctiSf  while  Chcetoceros  was  the  most  conspicuous 
at  Port  Erin.  Sagitta  was  extremely  plentiful  oft 
Puffin  Island,  and  tolerably  common  in  Llandudno  Bay 
and  at  Port  Erin.  Copepoda  had  increased  in  quantity 
in  the  coastal  area  in  the  course  of  six  weeks,  and  were 
also  abundant  at  Port  Erin. 

On  November  1st  one  collection  was  made  at  the 
entrance  to  the  Ribble  and  another  in  Red  Wharf  Bav. 
These  show  that  Diatoms  were  widely  distributed  in  the 
territorial  area. 

Entrance  to  Red  Wharf 

Ribble.  Bay. 

CoBcinodiscus     c.  ...  c. 

Rhizosolenia r.  ...  r. 

Ceratium  tripos     c.  ...  c. 

Ceratium  fusus c.  ...  — 

Noctiluca    c.  ...  c. 

Sagitta    r.  ...  c. 

Crab  zoea  —  ...  r. 

Crab  megalopa  —  ...  r. 

Copepoda   c.  ...  ab. 

CalanuB  —  ...  r. 

Pseudocalanus  —  ...  c. 

Paracalanus   —  ,,.  ab. 

Temora  c.  ...  c. 

Centropages   c.  ...  r. 

Oithona  c.  ...  c. 

Copepoda  appeared  to  be  more  plentiful  in  Red 
Wharf  Bay  than  at  the  entrance  to  the  Ribble,  and  there 
was  also  a  greater  variety  at  the  former  place.  The 
other  constituents  of  the  plankton  differed  very  slightly 
in  the  two  samples. 

Two  or  more  surface  tow-nettings  taken  in  the  vicinity 
of  Port  Erin  on  the  same  day  also  show  that  the  plankton 
may  be  almo3t  identical  at  different  spots  at  one  period, 
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and  that  variation  may  be  considerable  at  another  date. 
Oa  successive  days  one  may  even  find  that  the  quantity 
aad  kind   of  organisms   undergo   changes   more   or  less 

marked. 

On  April  6th  one  tow-netting  was  taken  in  Port  Erin 

Bay  and  another  off  the  Calf  Island.  These  show  a  certain 

amount  of  similarity. 

Port  Erin  Off  Calf 

Bay.  Island. 

Bkidulphia     ab.  ...  ab. 

CluBtooeros     c.  ...  o. 

CoscinodiacuB     v.ab.  ...  v.ab. 

Rhizoeolenia  —  ...  r. 

Acanthometra    r.  ...  — 

Geratium  tripos     r.  ...  — 

Ceratium  fusus r.  ...  — 

Sagitta    r.  ...  — 

**Mitraria"    r.  ...  r. 

Nauplii  of  barnacles     c.  ...  — 

Crab  zoea   r.  ...  — 

Copepoda    c.  ...  c. 

Pteudocalanus  fr.  ...  fr. 

Temora  fr.  ...  fr. 

Centropages   r.  ...  r. 

Acartaa    fr.  ...  fr. 

Oithona fr.  ...  fr. 

Whiting  Qggs —  ...  r. 

Gumard^ggs r.  ...  r. 

Sprateggs r.  ...  r. 

RockHng  eggs    r. 

Common  Dragonet   r.  ...  r 

Diatoms  and  Copepoda  had  a  uniform  distribution  in 
these  areas  at  this  time,  but  the  other  organisms 
mentioned  were  evidently  limited  to  Port  Erin  Bay. 

A  few  days  later  considerable  variation  was  found  in 
the  plankton  in  Port  Erin  Bay  and  its  immediate 
neighbourhood.     On  April  9th  one  sample  was  collected 
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in  Port  Erin  Bay,  and  another  just  outside  the  seaward 
limit  of  this  bay. 

Port  Erin  Outside   Port 

Bay.  Erin  Bay. 

Biddulphia     ab.  ...  r. 

Chsetoceros     c.  ...  — 

CoscinodiscuR     v.ab.  ...  r. 

RhizoRolenia  r.  ...  — 

Ccratiiim  trii>of«     r.  ...  — 

Ceratium  fusiw r.  ...  — 

Sagitta    r.  ...  r. 

Nauplii  of  barnacles     r.  ...  — 

Copepoda   c.  ...  ab. 

Calanus  —  ...  fr. 

PseudocalanuB  fr.  ...  c. 

Temora  fr.  ...  c. 

Centropages  r.  ...  fr. 

Acartia   fr.  ...  c. 

Oithona  fr.  ...  fr. 

Long  Rough  Dab  eggs —  ...  r. 

Solenette  eggs    fr.  ...  — 

Whiting  eggs —  ...  r. 

Ling  eggs    —  ...  r. 

Sprateggs  —  ...  r. 

Rockling  eggs    —  ...  r. 

On  this  occasion  Diatoms  were  confined  practically 
to  Poi-t  Erin  Bay.  Their  relative  abundance  was  the 
same  as  three  days  previously,  and  it  will  be  noticed  that 
a  few  Rhizosolenia  were  now  found.  Outside  the  limits 
of  the  bay  we  find  an  almost  entire  absence  of  Diatoms. 
One  or  two  Biddvlphia  and  Coscinodiscus  were  all  that 
represented  this  important  class  of  plankton.  The 
Copepoda  in  the  bay  appeared  to  be  fairly  stationary,  but 
out  in  the  open  sea  they  seemed  to  be  increasing  in 
quantity  when  compared  with  the  sample  taken  off  the 
Calf  Island  a  few  days  before.  Sagitta  had  also  become 
tolerably  common  in  the  open,  but  still  remained  very 
scarce  inside, 
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On  August  24th  collections  of  the  open  sea  and 
inshore  plankton  were  again  taken.  The  open  sea 
sumple  was  collected  three  miles  West  of  Bradda  Head, 
and  the  shore  one  off  Fleshwick.  The  latter  place  is 
about  five  miles  due  East  from  the  former. 


Chetoceros     

Cerfttium  tripos     

Xocttluca    

Evadne  

Podon     

Crab  zoea   

Crab  megalopa  

Copepoda    

Pseudocalanus  

Paracal&nus   , 

Temora  

Anomalocera 

Parapontella  

Inias. 

Acartta    

Oithona  

Oikopleura     

Weever  egg8  

Quantity  of  Material 


3  Miles  West  of 

Bradda  Head. 

OflF  Fleshwick. 

r. 

r. 

fr. 

c. 

p. 

— 

p. 

— 

r. 

r. 

r. 

r. 

— 

ab. 

ab. 

fr. 

c. 

c. 

r. 

r. 

r. 

— 

fr. 

r. 

fr. 

fr. 

c. 

c. 

fr. 

fr. 

1 


H  c.c. 


The  most  noteworthy  difference  between  these  two 
samples  is  in  the  quantity  taken.  The  plankton  inshore 
was  evidently  more  abundant  than  in  the  ojkmi  sea.  There 
was  also  a  slight  change  in  the  variety  of  organisms 
captured  at  the  two  places.  Copepoda  were  just  as 
numerous  at  the  one  station  as  at  the  other.  Anomalocera 
and  Parapontella  were  noted  in  the  open  sea  but  not 
inshore,  while  Pseudocalanus  and  Temora  were  found 
inshore  onlv. 
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Inshore  collections  were  taken  on  August  28th  off 
Niarbyl  and  between  Peel  and  Jurby,  at  a  distance  of 
about  seven  miles  apart,  and  gave  the  following  results :  — 

Between 
Off  NiarbyL       Peel  and  Jurby. 

Ch»tocero8     fr.  ...  c. 

Ceratium  tripoB     fr.  ...  c. 

Autolytus  c.  ...  r. 

Crab  zoea   r.  ...  r. 

Crab  megalopa  —  ...  r. 

Podon     r.  ...  — 

Evadne   r.  ...  — 

Copepoda   c.  ...  c. 

Calanus  r.  ...  r. 

Pseudocalanus  r.  ...  - — 

Paracalanus   r.  ...  fr. 

Temora  r.  ...  — 

Centropages   r.  ...  r. 

Isias r.  ...  — 

Acartia   fr.  ...  fr. 

Oithona  c.  ...  c. 

Oikoploura fr.  ...  r. 

Mackerel  eggB    r.  ...  — 

Rockling  eggs    c.  ...  r. 

Quantity  of  Material    3  c.c.  ...  13  c.c. 

These  collections  again  show  considerable  variation 
in  quantity  of  plankton  at  different  places  on  the  same 
day.  Diatoms  were  more  numerous  off  Peel  than  at 
Jfiarbyl,  the  other  organisms  also  showed  corresponding 
changes  in  distribution  at  the  two  stations. 

On  September  1st  a  sample  of  the  plankton  in  the 
open  sea  four  miles  West  of  Bradda  Head  was  taken,  and 
also  .an  inshore  one  off  Niarbyl.  The  latter  is  about  eight 
miles  East-North-East  from  the  former  station. 
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4  Mile6  West'of 
BraddA  Head.         Off  Niarbyl. 

ChaBtoceros     fr.  ...  r. 

Geratium  tripos     fr.  ...  c. 

Sagitta    —  ...  r. 

Autolytus  —  ...  r. 

Crab  zoea   r.  ...  c. 

Crab  megalopa  r.  ...  r. 

Podon     —  ...  c. 

Copepoda   r.  ...  ab. 

Calanus  —  ...  fr. 

pBeudooalanus  r.  ...  r. 

Paracalanus  —  ...  r. 

Centropages   r.  ...  fr. 

Anomalocera r.  ...  fr. 

Labidocera     —  ...  r. 

Acartia fr.  ...  c. 

Oithona  fr.  ...  fr. 

Oikopleura     fr.  ...  c. 

Sprateggs r.  ...  — 

Rocklingeggs    —  ...  r. 

Quantity  of  Material    1  o.o.  ...  4  c.c. 

It  i8  evident  from  the  above  results  that  the  sea 
contained  a  more  abundant  plankton  close  inshore  than  in 
the  open,  and  also  that  there  was  a  much  greater  supply  of 
Copepoda  off  Niarbyl  than  at  the  outside  station.  On 
comparing  these  results  with  previous  ones  obtained  in  the 
same  areas,  we  find  that,  although  there  is  not  much 
change  in  quantity  between  the  plankton  off  Niarbyl  on 
August  28th  and  September  1st,  the  relative  abundance  of 
its  constituents  had  altered  at  the  later  dale.  On  the 
former  date  ChaUoceros  was  fairly  conspicuous  and 
Copepoda  only  tolerably  common.  Four  days  later  it  will 
be  noted  that  Chcetoceros  has  almost  disappeared  and 
Copepoda  become  abundant.  The  collections  taken  West 
of  Bradda  Head,  besides  differing  in  quantity  captured, 
also  show  a  complete  change  in  the  relative  abundance. 
The    conditions   are    just   the   exact    opposite   from    the 
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N'arbyl  plankton.  On  August  24th  Chaioceros  was  very 
rare  and  Copepoda  abundant,  while  on  Septemb^  Ist  it 
was  found  that  Chaioceros  had  become  conspicuous  and 
Copepoda  scarce. 

On  September  10th  tow-nettings  were  taken  in  the 
open  sea,  one  nine  miles  West-North-AVest  of  Port  Erin 
and  another  five  miles  AVest  of  Dalbv.  The  latter  station 
is  about  five  miles  due  East  from  the  former.  The 
following  are  the  results :  — 

9  Miles  W.N.W.  6  Miles  W. 

of  Port  Erin.  of  Dalby. 

ChaBtoceroB     r.  ...  fr. 

Coscinodiscus     r.  ...  — 

Rhizosolenia  —  ...  r. 

C«ratium  tripos     r.  ...  fr. 

Sagitta    r.  ...  r. 

Autolytus  —  ...  r. 

Podon     —  ...  r. 

Evadne  —  ...  r. 

Crab  zoea   r.  ...  fr. 

Crab  megalopa  r.  ...  fr. 

Copedoda    c.  ...  ab. 

Calanus  fr.  ...  fr. 

Pseudocalanus  —  ...  fr. 

Paracalanus   —  ...  fr. 

Temora  r.  ...  — 

Centropages   fr.  ...  fr. 

Anomalocera fr.  ...  fr. 

Acartia   r.  ...  fr. 

Oithona  r.  ...  — 

Oikopleura     —  ...  c. 

Sprat  eggs r.  ...  — 

Quantity  of  material  025 c.c.       ...  Oc.r. 

The  quantity  of  plankton  in  the  two  areas  evidently 
differed  very  much.  One  would  naturally  expect  to  find 
that  the  larger  gathering  would  contain  exactly  the  same 
kind  of  organisms  that  were  present  in  the  small  catch, 
especially  as  the  distance  that  divided  the  two  areas  was 
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comparatively  short,  had  distribution  been  uniform.  We 
find,  however,  that  four  of  the  constituents  of  the  small 
catch  were  absent  at  a  spot  five  miles  away.  It  is  obvious, 
then,  that  there  was  no  uniformity  in  the  plankton  in 
these  areas  on  September  10th. 

A  week  later,  September  ITth,  collections  were  taken 
eight  miles  North-West  of  Port  Erin  and  five  miles  AVesi 
of  Gronk,  which  gave  the  following  results :  — 


8  Miles  N.W. 
Port  Erin. 

of 

5  Miles  W. 
of  Cronk. 

r. 

r. 

— 

r. 

fr. 

r. 

ir. 

c. 

r. 

— 

— 

r. 

r. 

c. 

r. 

r. 

— 

c. 

r. 

r. 

r. 

r. 

fr. 

— 

r. 

0  5  c.c. 

3  c.c. 

Biddulphia     

Chstoceros     

C<wcinodi8cu8     

Ceratium  tripos     

Sagitta    

Autolytus   

Copepoda   

Centropages   

Anomalocera 

Acartta    

Oithona  

Oikopleura     

Sprat  eggs 

Quantity  of  material    

The  difference  in  the  constituents  and  the  quantity  of 
plankton  taken  are  well  marked  in  this  instance.  The 
distribution  was  probably  more  uniform  than  on  September 
10th,  as  only  one  of  the  organisms  in  the  small  collection  was 
absent  from  the  larger  one.  The  first  station  in  the  above 
list  is  about  three  miles  East-North-East  of  the  area,  nine 
miles  West-North-West  of  Port  Erin,  visited  on  September 
10th.  A  comparison  of  the  plankton  taken  at  these  two 
places  on  the  dates  given  shows  that  considerable  changes 
had  taken  place  in  the  course  of  a  week.  The  amount  of 
plankton  in  the  water  was  about  the  same  on  the  two 
dates.     On  September  10th  Cha^oceros  and  Coscinodiscus 
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represented  the  Diatoms ;  both  were  scarce.  A  week  later 
Chcetoceros  was  absent,  Cosciiiodiscus  had  become  more 
numerous  and  Biddvlphiu  was  found.  Copepoda  were 
tolerably  plentiful  the  week  previous,  and  such  forms  as 
Calanus  and  Anonudocera  were  quite  conspicuous.  Sis 
genera  were  then  present.  On  September  17th  the 
Copepoda  had  almost  disappeared.  Only  three  of  the 
genera  observed  on  the  former  visit  were  found,  and  these 
were  represented  by  a  few  individuals. 

We  sometimes  find  that  the  pelagic  life  of  the  sea 
undergoes  great  changes  in  a  very  short  time.  Organisms 
that  may  be  abundant  one  day  are  often  quite  absent  on 
the  next,  and  collections  taken  in  the  same  place  on 
successive  days  rarely  give  identical  results. 

On  August  22nd  and  23rd  the  sea  North  of  the  Calf 
Island  was  investigated,  and  the  following  organisms  were 
found :  — 

August  22.  August  23. 

ChsBtoceros     r.  ...  r. 

Crab  megalopa  r.  ...  — 

Copepoda    r.  ...  c. 

ParacalanuH   v.r.  ...  — 

Temora   v.r.  ...  — 

Acartia    v.r.  ...  — 

Oithona  r.  ...  c. 

Oikoplcura     c.  ...  — 

Quantity  of  material     2  c.e.  ...  1  c.c. 

The  first  visit  gave  a  greater  number  of  organisms 
than  the  second.  Copepoda,  although  very  scarce  on  the 
22nd,  were  represented  by  four  genera.  Next  day  this 
group  was  tolerably  common,  yet  only  one  genus  was 
noted. 

Collections  taken  off  Niarbyl  on  August  27th  and 
28th  and  September  1st  showed  differences  of  various 
kinds. 
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August  27. 

OuBtoceroB     c. 

Geratium  tripos     c. 

Sagitta    — 

Autolytus  — 

Crsbxoea  — 

Crab  megalopa  — 

Podon     — 

Eyadne  — 

Copepoda   v.ab. 

Calanus  — 

PaeudocalanuB  r. 

Pteacalaaus   fr. 

Temora  r. 

Centropages   r. 

Anomalocera r. 

Parapontella r. 

Labidooera     — 

Isias. r. 

Acartia   fr. 

Oithona  c. 

Oikopleura fr. 

Mackerel  eggs    — 

Rockling  eggs    — 

Quantity  of  material    11  o.c. 


August  28. 
fr. 
fr. 


Sept.  1. 


r. 
r. 

c. 
c. 
c. 
r. 
r. 
r. 
r. 
r. 

r. 
r. 
r. 
fr. 
c. 
fr. 
r. 
r. 
3  c.c. 


r.    . 

c. 

r. 

r. 

c. 

r. 

c. 

ab. 

fr. 

r. 

r. 

fr. 

fr. 

fr. 

r. 

c. 

fr. 

c. 

r. 
4  o.c. 


On  August  27th  the  pelagic  life  was  far  more 
abundant  than  at  the  later  dates.  The  Copepoda  varied 
in  genera  and  relative  abundance  each  visit.  Podon  and 
Kvadne,  although  tolerably  common  on  August  28th  were 
quite  absent  on  the  previous  day,  and  only  Podon  was 
noted  on  September  1st.  Sagitta  was  not  found  either  on 
August  27th  or  28th,  but  was  represented  by  a  few 
specimens  on  September  1st.  Crab  Zoea  were  found  to  be 
tolerably  common  on  September  1st,  scarce  on  August 
28th,  and  entirely  absent  on  the  27th.  Megalopa  were 
only  noted  on  September  Ist. 

Tow-nettings  taken  at  longer  intervals  in  the  same 
spot  frequently  show  extreme  variations.     This  is  well 


illustrated  in  the  results  obtained  from  collections  made 
in  Port  Erin  Bay  on  September  25tli,  2Gtli,  27tli  and 
on  October  4th. 

Sept.  25-27.  Oct.  4. 

Biddulphia     r.  ...  v.r. 

Chaetoceros     ab.  ...  v.r. 

C-oscinodiscus     r.  ...  v.r. 

Rhizosolenia  fr.  ...  v.r. 

Ceratium  tripos     fr.  ...  r. 

Pleurobrachia    r.  ...  — 

Sagitta    c.  ...  r. 

Copcpoda   c.  ...  v.ab. 

Calanus  r.  ...  r. 

Pseudocalanus   fr.  ...  c. 

ParacalanuH   fr.  ...  c. 

Temora  fr.  ...  fr. 

Acartia    c.  ...  c. 

Oithona, fr.  ...  c. 

Oikopleura fr.  ...  r. 

Quantity  of  Material    2o  c.c.  ...  12  c.c. 

On  September  25th  the  sea  water  was  filled  with 
Diatoms,  chiefly  Chattoceros,  Sagitta  were  tolerably 
common,  Copepoda  were  fairly  numerous,  the  most 
plentiful  being  Acartia,  During  the  next  two  days 
similar  conditions  prevailed,  not  only  in  Port  Erin  Bay 
itself,  but  in  all  the  outer  area  from  Bradda  Head  to  Bav 
Fine.  On  October  4th,  just  a  week  later,  the  conditions 
had  completely  changed.  Diatoms  had  almost  vanished, 
only  a  few  individuals  belonging  to  the  genera  mentioned 
were  found.  Copepoda  had,  however,  become  extremely 
abundant.  pHeudocalwivs,  Paracalanus,  Acartia,  and 
Oithona  all  being  tolerably  common.  The  water  was  less 
densely  populated  with  organisms  on  October  4th  than 
between  September  25th  and  27th. 

The  table  opposite  gives  the  results  obtained  from 
the  tow-nettings  taken  in  the  vicinity  of  Port  Erin  from 
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July  22nd  to  November  5th,  and  includes  the  special  work 
on  the  s.y.  "Madge." 

It  may  be  argued  that  the  plankton  near  the  land  is 
more  susceptible  to  sudden  changes  than  that  of  the  open 
sea  ;  that  winds,  currents  and  other  agencies  have  great 
effect  on  local  distribution ;  that  the  further  one 
proceeds  away  from  land  influences  the  results  will  be 
found  to  be  more  equal.  Against  this  it  may  be  stated 
that  regions  where  winds  and  currents  have  no  effect  are 
difficult  to  find,  and  one  has  to  make  tlio  best  of  his 
opportunities.  My  own  experience,  from  a  long  dealing 
with  plankton  from  many  regions,  is  that  one  very  rarely 
finds  exactly  the  same  kinds  of  organisms  or  the  same 
relative  abundance  in  collections  taken  on  the  same  day. 

A  recent  expedition  with  the  Hensen  net  across  the 
Irish  Sea,  from  Piel  Gas  Buoy  to  the  Isle  of  Man,  gave 
very  interesting  results.  On  November  13th,  starting 
from  Piel  Gas  Buoy  and  proceeding  in  a  north-westerly 
direction  to  the  Isle  of  Man,  four  hauls  were  made.  The 
first  haul  was  taken  six  miles  from  the  gas  buoy,  the 
second  fifteen  miles,  the  third  twenty-four  miles,  and  the 
fourth  fortv-two  miles  off  the  buov.  Each  of  the  three 
last  hauls  was  made  nine  miles  away  from  the  preceding 
one.  The  net  was  lowered  to  a  depth  of  ten  fathoms  at 
each  station  and  then  drawn  slowlv  to  the  surface.  The 
wa.er  everywhere  was  found  to  be  teeming  with  Diatoms. 
The  first  haul  containeil  a  great  abundance  of  Chatoceros 
(four  species)  and  Rhizosolenia,  In  the  second  haul 
f'osnno(/i.icu.t  was  the  chief  constituent.  The  third  haul 
rontained  an  abundance  of  Eucampia  and  lihizosohina. 
The  fourth  haul  was  very  similar  to  the  first.  Copepoda 
were  comparatively  scarce  throughout  the  traverse,  and 
consisted  mainly  of  Paracalanus  and  Oithona.  The  firsf 
haul  contained  one  Calanus  and  six  Temora,     Temorn  was 
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not  taken  again,  and  the  second  and  third  hauls  had  no 
Calanus,  The  fourth  haul  contained  eight  Calanus. 
Amongst  other  things,  Noctiltica  and  Sagitta  were 
tolerably  common  in  the  four  hauls. 

The  cruise  was  continued  to  the  West  side  of  the 
Isle  of  Man.  Six  miles  North  from  Peel  another  haul  was 
taken,  which  showed  a  complete  change  in  constituents. 
Three  Sagitta  and  sixteen  Calanus  were  found.  Pseudo^ 
calanv^,  Acartia  and  Oithotm  were  tolerably  common. 
Pour  genera  of  Diatoms,  represented  in  each  case  by  a 
very  few  specimens,  a  few  larval  Polychaetes,  Ceratium 
tripos  and  C,  fusus,  and  "  MUraria  "  but  no  Noctilttea, 
were  taken.  It  is  probable  that  the  few  Diatoms  present 
in  the  fifth  haul  had  remained  attached  to  the  meshes  of 
the  net  since  the  previous  haul.  A  collection  taken  with 
an  ordinary  surface  tow-net  near  the  same  spot  did  not 
contain  a  single  Diatom.  Otherwise  the  constituents 
found  by  this  net  were  the  same  as  those  contained  in  the 
Hensen  net  collection.  The  quantity  of  material  taken 
each  time  the  Hensen  net  was  hauled  differed  in  everv 
instance. 

The  colour  of  the  material  collected  in  hauls  I.-TV. 
varied  from  a  decided  green  to  a  greenish  yellow.  The 
first  haul,  from  its  characteristic  colour  was  obviouslv 
mainly  composed  of  Diatoms.  Haul  V.  was  almost  white 
in  colour. 

The  following  table  shows  the  results  of  the  five  hauls 
with  the  Hensen  net : — 


Results    of    Five    Hauls    taken    with    the    Hensen 
Vertical  Net  on  the  same  day,  Novembeh  19th, 

1906s  I?!  DIFFERENT  PARTS  OF  THE  IrISH  SEA. 


Qatatity  io  cubic 
AitenonelU  bloklrji 
BiddtilphU  mobiliennB 


Quttooeroa  debile 
Ctufttooeroa  decipiens    . 
ChBtooeroa  teres    


s  sbniMolei    . 

ChiBtiaiii  furca 

Gentium  fumu 

Crrktinm  tripos 

Tintmnopsu  cunpanula  . . 

Koetilne*  miliiuu 

nearobnchu  pileus     

8>citta  InpnncMta    

Lwral  PolyehaetB    

CUbdim  helgolBodicun 

PWudocBlaniu  elongktuR 


Temofs  loogicomlB  . 

AcwtuclauBi 

Oilhooa  nmiUs 

Oikoplmrk 

Copepod  luuplii    
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The  following  tnhles  shoir  the  opcurrenre  from  month 
to   month    of   thr   vnriouR   orpaiilsmn    identifieil    in    tho 
pInnlvtoT)  collertecl  from  the  areas  niiniod  in  lOflC:  — 
January. 
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FAUNISTIC  NOTES. 
By  Andrew  Scott. 

Young  Fishes,  Leptocephahis  morrisii — Plate  V. 

A  perfect  specimen  of  the  tape  worm  form  of  the 
Leptorephafiis  stage  of  the  conger  eel  was  found  by  a 
local  fisherman  on  April  80th,  1906.       The  fish  was  dis- 
covered in  a  small  pool  of  water,  left  by  the  receding  tide, 
on  the  shore,  on  the  east  side  of  Foulney  Island.       The 
leptocephalus   was   living   when    captured,    but    as    the 
iisherman  had  no  means  of  keeping  it  alive  it  soon  died. 
The  man  handed  the  specimen  over  to  me  soon  after  he 
got  it.       It   was  then   fresh  and  perfectly  transparent, 
quite   soft   and   flexible.        It   was    so    transparent   that 
ordinary   print   could   be   easily   rej^d   through    it    when 
placed  on  a  piece  of  newspaper.       In  extreme  length  it 
measured  118  mm.     The  weight  of  the  fish  after  removing 
the  superfluous  water  was  1*2  grammes,  and  its  volume  I'o 
cubic  centimetres.     The  greatest  dorso-ventral  height  of 
the  bodv  was  9  mm.,  and  it  was  broadest  about  65  mm. 
from  the  tip  of  the  snout.      The  myotomes  were  fairly 
distinct,  and  151  were  counted.      The  fish  was  colourless, 
with  the  exception  of  a  row  of  black  specks  along  each 
side  of  the  ventral  margin  of  the  anterior  half.       There 
was  also  a  similar  row  of  specks  along  the  lateral  line, 
beginning  near  the  greatest  height  and  extending  to  the 
tail.       The  black  specks  appeared  to  be  placed  at  the 
junction  of  the  myotomes,  and  were  very  crowded  towards 
the  tail.      The  presence  of  this  rare  form  so  far  inshore 
is    apparently   unusual.        The   specimen    captured    was 
probably  only  a  wandering  individual,  as  no  more  have 
been    seen.        The    figure    is    from    a    photograph,    and 
represents  the  natural  size  of  the  fish. 
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Amongst  the  other  young  fishes  found  in  the  tow- 
nettings  we  have  to  record  the  occurrence  of  post-larral 
herrings.  On  January  23rd,  1906,  a  large  number  were 
found  in  a  surface  tow-netting  taken  off  the  Patches 
Buoy,  Cardigan  Bay,  and  also  on  the  same  day,  off 
Llanon.  A  surface  tow-netting  taken  in  the  vicinity 
of  the  Bahama  Light  Ship,  on  February  20th,  contained 
one  specimen,  another  tow-netting  from  Conway  Bay,  on 
March  5th,  contained  three.  The  majority  of  these  young 
fish  measured  15  mm.  in  length,  one  or  two  25  mm.,  and 
one  35  mm.  The  other  young  fishes  have  already  been 
dealt  with. 

Pish  E^s. — A  table  showing  the  distribution  from 
month  to  month  is  given  above.  The  first  occurrence 
of  plaice  eggs  during  1906  was  in  tow-nettings  from  the 
Patches  Buoy,  off  Llanon,  in  Cardigan  Bay,  on  January 
23rd.  They  were  again  obtained  from  near  the 
Liverpool  North-west  Light  Ship,  on  January  31st.  From 
the  latter  date  onwards  to  the  end  of  March,  plaice  eggs 
were  tolerably  common  in  many  of  the  tow-nettings  taken 
in  the  open  sea,  and  in  territorial  waters.  The  eggs  of 
the  Anchovy  were  found  in  tow-nettings  taken  off 
Aberdovey,  on  June  14th,  and  July  23rd.  This  is  only 
the  second  time  we  have  met  with  Anchovy  eggs  during 
a  period  of  ten  years.  Their  occurrence  in  British  seas 
was  first  noticed  by  the  late  R.  L.  Ascroft  in  1896.  The 
eggs  were  taken  in  a  surface  tow-netting  from  off  Lytham 
Pier,  and  identified  by  Professor  Mcintosh.  The 
following  fish  eggs  taken  in  1906  have  not  previously 
been  observed  in  the  plankton  of  the  Irish  sea.  Long 
Rough  Dab:  One  specimen  of  the  characteristic  eggs  of 
this  fish  was  taken  at  Port  Erin,  on  April  9th.  The  egg  of 
the  Long  Rough  Dab  is  about  the  same  size  as  the  plaice 
egg,  but  is  easily  recognised  by  the  large  size  of  the 
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space  between  the  egg  capsule  and  the  yolk.     Variegated 

Sole :  A  few  specimens  were  found  in  a  tow-netting  from 

Ae  vicinity   of   Nelson   Buoy,    at   the   entrance   to   the 

Nibble,  on  May  Slst,  and  in  another  from  Lune  Deep, 

about  five  miles  south  of  Piel  Gas  Buoy,  on  May  14th. 

Ling:  The  eggs  of  this  fish  were  taken  off  Port  Erin  on 

April  9th,  and  off  New  Quay  Head  on  May  1st.     Mackerel : 

Large  numbers  of  eggs  belonging  to  this  fish  were  found 

in  the  plankton  samples  from  various  parts  of  (cardigan 

Bay  in  June  and  July,  off  the  entrance  to  the  Kibble  in 

the  latter  half  of  June,   along  the   North   Wales  coast 

about  the  same  time,  and  in  the  vicinity  of  Port  Erin 

on  August  27th.       A  very  extensive  incursion  of  adult 

mackerel  took  place  during  190G.      The  fish  were  caught 

in  various  parts  of  the  Irish  Sea,  between  New  Quay  and 

the  Duddon,  from  the  beginning  of  June  right  on  to  the 

end  of  September.      Two  species  of  ecto-parasites  of  fishes 

were  taken  for  the  first  time  in  the  Irish  Sea  in  1906. 

Califs  zei,  Norman  and  T.  Scott.     Plate  I. 

Several  specimens  of  this  species  were  found  attached 

to  the  skin  of  a  *'  John  Dory  "  captured  in  the  trawl  of 

the  "John  Fell,"  while  fishing  oft*  New  Quay  Head,  on 

June  16th.       The  only  other  known  specimens  of  this 

species  are  in  Dr.  Norman's  collection,  and  were  taken 

on  a  "  John  Dory  "  captured  off  the  coast  of  Cornwall 

forty  years  ago.      The  female  represented  by  the  drawing 

on  the  plate  measured  6  mm.  in  length. 

LemasenicuB  encrasiooli  (Turton).    Plate  II,  figs.  6-9. 

A  large  catch  of  sprats  were  taken  off  Blackpool  on 
February  19th,  by  the  fisheries  steamer,  and  a  few 
hundred  of  these  fish  were  landed  at  Piel.  A  careful 
examination  of  the  fish  was  made,  and  one  sprat  with 
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two  of  the  above-mentioned  parasites  attached  to  it,  and 
another  with  one,  were  found.  The  parasites  were 
embedded  in  the  tissues  at  the  anterior  end  of  the  dorsal 
fin.  On  dissecting  one  out  it  was  found  that  the  head  had 
penetrated  to  the  visceral  cavity.  Fig.  (>  represents  the 
natural  size  of  the  sprat  and  its  parasite,  and  also  shows 
the  position  of  attachment.  Fig.  7  represents  a  dissecfcion 
showing  the  head  of  the  parasite  passing  into  the  visceral 
cavity.  Figs.  8  and  9  represent  two  views  of  the  head 
and  illustmte  the  difference  between  L,  encrasicoU  and 
L.  sprattce. 

The  following  ecto-parasites  of  fishes  have  been  taken 
within  the  past  few  years,  but  illustrations  are  now  given 
to  show  the  diiferences  in  the  appendages. 

LemsBenious  sprattsB  (Sowerby).    Plate  II,  figs.  1-5. 

This  parasite  is  not  uncommon  on  the  sprats  captured 
along  the  Lancashire  coast.  It  differs  in  the  manner  of 
attachment  to  its  host  from  L.  cncrasicoli.  All  the 
specimens  of  L,  sprattai  tliat  we  have  seen  were  attached 
to  the  eye,  as  sliown  in  the  illustration.  The  barbed 
head  is  inside  the  eye,  and  the  parasite  apparently  feeds 
on  the  semifluid  matter.  The  neck  of  the  parasite  is 
corrugated  for  some  distance  from  the  point  of  its  attach- 
ment to  the  body.  In  L.  fneram-oli  the  nock  is  quite 
smooth.  The  lateral  projections  of  the  head  differs 
somewhat  in  the  two  species.  In  L.  spratttr  they  are 
directed  backwards,  and  in  L,  encrasuoli  thev  are  nearlv 
at  right  angles  to  the  head.  The  appendages  in  the  two 
species  appear  to  be  identical,  and  consist  of  one  pair  of 
antennules,  one  pair  of  antenna>,  and  four  pairs  of 
rudimentary  feet.  The  four  pairs  of  feet  have  probably 
remained  in  the  same  condition  from  the  free-swimmin*^ 
larval  period. 
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LeraanthropuB  kroyeri,  van  Beneden.    Plate  III. 

We  find  this  parasite  occasionally  attached  to  the 
gills  of  Bass  {Labrax  lujms),  caught  at  the  entrance  to 
Barrow  Channel.  When  living  the  animal  is  a  dark  red 
colour,  and  rather  difficult  to  see.  It  differs  from  any  of 
the  other  ecto-fish  parasites  with  which  I  am  acquainted 
by  the  possession  of  a  peculiar  appendage  situated  close 
to  the  base  of  the  antennules  of  both  sexes.  The 
appendage  is  of  irregular  shape,  somewhat  pointed 
towards  the  apex,  and  apparently  composed  of  two  joints. 
Its  situation  and  structure  are  shown  by  fig.  fi  on  the 
plate.  The  female  is  about  21*7  mm.  in  length,  inclusive  of 
the  thoracic  appendages.  The  miile  is  rather  different  from 
the  female  and  is  about  10*5  mm.  long.  It  apparently 
lives  as  a  parasite  on  the  female.  I  have  never  come 
across  any  that  were  isolated,  and  living  directly  on 
the  gills  of  the  fish.  The  appendages  are  nearly  identical 
in  the  two  sexes.  They  consist  of  one  pair  of  seven- 
jointed  antennules,  with  secondary  processes,  one  pair  of 
antennse,  one  pair  of  mandibles  enclosed  in  a  suctorial 
tube,  one  pair  of  maxillae,  two  pairs  of  maxillipedes,  and 
two  pairs  of  rudimentary  feet.  The  outer  branch  of  the 
second  pair  of  feet  of  the  male  has  a  slightly  different 
armature  from  that  found  on  the  second  pair  of  the  female. 
The  outer  branch  of  the  female  second  foot  is  armed  with 
four  spines,  while  the  male  has  two  small  spines  and  a 
number  of  minute  teeth  at  the  apex  of  the  branch.  The 
furca  are  large  and  conspicuous.  The  spermatophores 
frequently  found  attached  to  the  female  are  globular  in 
shape,  and  of  a  dark  brown  colour. 

Cl&vella  labracis  ?,  van  Beneden.     Plate  IV. 

While  trawling  in  Luce  Bay  for  large  plaice  for  the 
tanks,  a  few  Vrenilabrua  melops  were  captured  amongst 
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the  other  fishes.  One  of  these  was  dissected  and  a  few 
Clavella  were  found  attached  to  the  gill  filaments.  In 
general  appearance  the  parasite  resembles  van  Beneden's 
species  which  we  liave  already  recorded  for  the  Irish  Sea 
from  another  kind  of  wrasse.  Our  first  specimens  were 
found  on  the  gills  of  the  Ballan  wrasse  (Labrus  hergylta). 
The  present  species  is  a  very  small  one,  and  is  only  1  mm. 
in  length,  exclusive  of  the  egg  sacs.  The  species  has 
only  one  pair  of  maxillipedes.  The  autennules  are  five 
jointed  and  armed  with  short  spatulate  hairs,  the  first 
joint  has  a  short,  thick  hair  placed  on  the  lower  margin 
near  the  junction  with  the  second  joint.  The  antenna 
are  in  the  form  of  very  strong  slender  hooks.  The 
mandibles  and  maxilla  are  rudimentary;  the  former 
appears  to  have  no  serrate  apex.  There  are  two  pairs  of 
rudimentary  feet,  both  two-branched.  The  first  pair 
has  both  branches  composed  of  two  joints,  while  the 
second  pair  has  a  two-jointed  outer  branch,  and  a  three- 
jointed  inner  branch.  The  furca  arc  very  small  and 
inconspicuous.       Xo  males  were  found. 


97 


Explanation  of  the  Plates. 

Pirate  I. 

Caligus  zei,  Xorman  and  T.  Scott. — 

Fig.   1. — Adult  female  seeu  from  above,      x  11. 
2. — Autennule. 
3. — Antenna. 
4. — Sternal  fork. 
5. — First  maxilliped. 
6. — Second  maxilliped. 
7. — Fourth  foot. 
8. — Abdomen  of  male. 


>1 


»> 


Plate  II. 

Fig.   1. — Lernceenicus     spraUce    (Sowerby),     in     situ. 
Natural  size. 
,,     2. — Lernceenicus  sprattoi^  removed  from  its  host. 
X  2-5. 
3. — Head    and    anterior    portion    of    thorax    of 

L.  sprattce,      x  5. 
4. —  Autennule.      x  12G. 
6.—  Antenna,      x  80. 
,,     6. — Lernceenicus    encrasicoli    (Turton),    in    situ. 

Xatural  size. 
,,      7. — Dissection  showing  position  of  head  in  the 

host.      X  3. 
,,      8. — Head  and  anterior  portion  of  thorax,  from 

above,      x  G. 
,,      9. — Head  and  anterior  portion  of  ihorax,  from 
left  side,      x  G. 


>» 


>» 


>> 
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Plate  III. 

Lemardhropus  kroyeri,  van  Beneden. 

Fig.  1. — Adult  female,  seen  from  above,      x  13*4. 
„     2. — Antennule  and  secondary  process,      x  120. 
„     3. — Antenna,      x  60. 
,,     4. — Mandible,      x  181. 
„     5. — Maxilla,      x  181. 

6. — First  maxilliped.      x  90. 
7. — Second  maxilliped.      x  90. 
H.—First  foot,      x  90. 
9. — Second  foot,      x  90. 
10. — Outer  branch  of  second  foot,  male,      x  90. 
11. — Abdomen     and     furca     of     female,     witli 
spermatopliores.      x  90. 
„  12. — Adult  male  seen  from  above,      x  V&A. 
13. — Abdomen  and  furca  of  male,      x  90. 


if 


>» 


Plate  IV. 

Clavella  labracis,  van  Beneden. 

Fig.  1.    -Adult  female  seen  from  above,      x  40. 
2. — Antennule.      x  390. 
3. — Antenna,      x  390. 
4. — Mandible,      x  781. 
5. — Maxilla.     ,x  781. 
6.— Maxilliped.      x  390. 
7.-  -First  foot,      x  390. 
8.— Second  foot,      x  390. 
9. — ^Abdomen  and  furca.      x  390. 

Plate  V. 

Leptocephalus  mnrruii 

Natural  size,  and  seen  from  the  right  side. 
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NOTES  ON  THE  FOOD  OF  YOUNG  FISHES. 

By  Andrew  Scott. 

The  tow-uettings  taken  during  the  summer  months 
frequently  contain  the  post-larval,  and  later  stages  of 
various  kinds  of  fishes.  In  some  cases  identification  is 
tolerably  easy.  In  others,  the  work  of  assigning  the 
post  larval  fishes  to  any  particular  species,  is  sometimes 
an  impossibility.  These  tender  objects  are  very  easily 
mutilated  in  capture.  In  all  cases,  even  when  the  young 
fishes  cannot  be  identified  with  certainty,  the  stomach  and 
intestines  are  now  being  examined  to  find  out  what  the 
fish  has  been  feeding  on.  The  internal  organs  owing  to 
the  size  of  the  fish,  are  naturally  small,  and  cannot  be 
examined  in  the  ordinary  way.  The  methods  adopted  in 
this  work  which  give  fairly  satisfactory  results  are,  (1) 
removing  the  entire  alimentaiy  system  with  the  aid  of  a 
low  power  dissecting  microscope,  then  carefully  dissecting 
the  stomach  under  a  Zeiss  A,  or  Leitz  No.  3  objective,  a 
cover  glass  is  next  put  on,  and  the  whole  contents  care- 
fully gone  over ;  (2)  dehydrating,  clearing,  and  mounting 
the  stomach,  or  even  the  whole  fish,  in  the  ordinary  way 
for  a  permanent  preparation  in  Canada  balsam.  The 
former  method  has  the  advantage  that  little  time  is  taken 
up  in  the  work.  The  latter  one  may  take  a  few  hours, 
and  the  results  do  not  always  repay  the  labour  involved. 
Afl  a  rule,  the  shorter  method  is  now  employed.  All  the 
young  fishes  examined  were  caught  by  an  ordinary  open 
tow-net,  worked  just  under  the  surface  of  the  sea.  The 
following  are  the  fishes  that  have  been  examined,  with 
the  locality  of  capture,  size  in  millimetres,  and  food 
found. 


100 
Post-larval  Cottis. 

FocmI. 


Milli- 
metres 


Locality.  metres.  Food.  Remarks. 

1  Near  Duddon  Bar.      0      3  Tcmora  longiconiis.    Temora  rare  and 

20.3.06.  ]  OWuma  similis.  Oithwia  absent  iu 

plankton. 

1  of!  Llanbodro>(,  8      *2  Arartia  clansi.  Acartia  toleral)ly 

Cardigan  Bav,  common  in  tow- net. 

27.4.06. 

Post-larval  Gurnard. 

1  Red  Wharf  Bay,  8      No  food  in  — 

15.0.06.  alimentary  canal. 


1  off  Kilan  Head, 
Cardigan. 

1 

12.7.06. 

1  Red  Wharf  Bay, 
7.9.06. 


Post-larval  Weever. 

5       1  ParacaUmus 
parvus. 

5      3 


12 


>» 


Paracalaniis  not 
present  in  the 
l)lankton. 


1  Teviora  longicornis.  ParacaUnua  only 
12  Paracalanns  present  in  the 

parvus.  plankton. 

14  Isia>i  clavipes. 


1  Twenty-one  miles 
N.W.  of  Piel, 


Post-larval  Gadoids. 

4      2    Oitlioiia  similis. 


Absent  from  the 
plankton. 


1  Five  miles  W.  of  14      8  Temora  longicornis.    Tcmora  only  present 
^lorecambe  Bay  1  Anoinaloccra  in  the  plankton. 

Light-Ship,  pattersoiii. 

7.5.06. 

1  off  New  Quay 

Head,  Cardigan, 
25.5.06. 


20      3  Centropag^ft 
hamattis. 
1  Oithona  similis 


Centropagcs  only 
present  in  the 
plankton. 


G  off  Dinas  Head, 
15.6.0G. 


Post-larval  Rockling. 

14      No  food. 
14      No  food. 


2  off  New  Quay 
Head,  10.7.06. 

7  off  ^lorecambe  Bay    16      No  food. 
Light-Ship, 
21.7.06. 


1  off  New  Quav 
Head,  IG.'T.UG. 


18      10  Acartia  clausi.         Acartia  tolerably 
2  Temora  Unigicornis.        common  in  the 

plankton,  Temora 
absent. 
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Loo&lity. 

1  off  Entrance  to 
Ribble.  18.7.06. 


1  off  New  Quay 
Head,  19.7.06. 


1  off  Kilan  Head, 
22.7.06. 

1  Carnarvon  Bay, 
20.7.06 

1  Red  Wharf  Bay, 
7.8.06. 


Milli- 
metres. Food. 

25      3  Larval  barnacles 
(Cypris  stage). 
2  Anomalocera 
pattersoni 

25      1  Larval  barnacle 
(Cypris  stage). 
1  Anomalocera 
pattersoni. 

30      4  Crab  mcgalopa. 


32  7  Crab  megalopa. 

33  1  Crab  mcgalopa. 


RcmarkR. 

No  larval  barnacles 
in  the  plankton. 
Auotualocera 
scarce. 

No  larval  barnacles 
in  the  plankton, 
A  iwmalocera 
scarce. 

Crab  megalopa  very 
plentiful  in  the 
plankton . 

Mcgalopa  scarce  in 
the  plankton. 

Megalopa  scarce  in 
the  plankton. 


1  off  New  Quay 
Head,  10.7.06. 


Post-larval  13elone. 

20      1  Acartln  clausi. 
2  Kctinoaoma 
norviani. 


1  off  Niarbyl,  30.7.06    22      1  Acartia  clausi. 


A  car  tin  tolerably 
common  in  the 
plankton. 

Acartia  scarce  in  the 
plankton. 


POST-LAUVAL  SaND  EeLS. 


66  from  various  parts  10-17  No  food, 
of  the  territorial 
area 


1  Trcmadoc  Bay, 
.      19.2.06. 


Post-larval  Plaice. 

15      No  food. 


9  Aberporth  Bay, 

16.6.06. 
9  Fishguard  Bay, 

24.5.06. 


POST-L.VRVAL  UaBS 

11      No  food. 
11      No  food. 


1  off  New  Quav 
Head,  15.6.06. 

1  of!  Puffin  Island 
28.6.06. 


Post-larval  Soles. 

6      No  food.  — 

7*5     1  Loiufipedia  wmior.     Littoral 

1  Ectinosoma  sarsi.  Copei>oda. 

0  ,,         normavi. 


102 


Liocality. 

1  off  New  Quay 
Head,  10.7.CK). 

1  off  Blackpool, 
18.7.06. 

1  off  Port  Erin, 
20.7.06. 


1  Red  Wharf  Bay. 
7.9.06 


POST-L.VRVAL  SpUATS. 

Milli- 
metres. Food. 

15      '2  Pseudocalanu^ 
elongatiiin. 

15      1  Pseudocalanun 
eUmgatiis. 

IG      No  food. 

Young  Pipe  Fish. 

(k)      '2  Pneudocalati  us 
ehtigatiis. 
'2  Par>icalanus 

parvus. 
G  Acartia  clausi. 


Bemarka. 

Psetidocalanus  not 
present  in  the 
plankton. 

Pseudocalanua  not 
present  in  tho 
plankton. 


No  Pseudocalauus 
ill  the  plankton, 
Paracalanus  and 
Acartia  tolerably 
common. 


The  food,  in  uU  the  cases  where  it  could  be  recog- 
nised, consisted  of  Crustacea,  chiefly  copepoda.  The 
group  was  represented  mailily  by  the  pelagic  forms.  The 
few  littoral  representatives  found  indicate  that  the  fishes 
containing  them  had  been  feeding  near  the  bottom  of 
the  sea  previous  to  capture.  It  evidently  does  not  follow 
that  if  a  particular  copepod  is  any  way  numerous,  the 
iish  feeds  entirely  upon  it.  In  the  above  results  it  will 
be  noted  that  there  are  several  instances  where  the  fish 
stomachs  contained  copepoda  not  represented  in  the  sur- 
rounding plankton  taken  in  the  tow-net  along  with  the 
young  fish.  The  fish,  no  doubt,  in  its  movements  through 
the  water  encounters  various  kinds  of  copepods.  It  is 
not  known,  however,  whether  it  feeds  indiscriminately  on 
every  one,  or  selects  particularly  coloured  forms.  The 
majority  of  the  copepoda  are  more  or  less  coloured,  and 
so  may  be  quite  conspicuous  apart  from  their  size.  It  is 
probable  that  the  difference  between  the  copepods  in  the 
plankton  and  those  in  the  fish  stomach  is  due  to  the 
unequal  distribution.  The  fish  may  meet  with  a  small 
shoal  of  Aiiomalocera,  young  barnacles,  or  crab  larvae, 
capture  a  few  of  them,  and  pass  on.      It  may  then  reach 
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a  part  of  the  surface  waters  where  the  copepoda  are  quite 
different  from  its  previous  meal,  aud  begin  to  feed  again. 
In  this  way  one  would  get  a  selection  of  copepods  which 
might  or  might  not  be  represented  in  the  area  tow-netted. 

The  following  photographs  show  the  food  found  in 
the  stomachs  of  two  of  the  marked  fishes,  when 
re-captured. 

Oue  is  a  flounder  (LL8())  caught  on  Baicliff  sands, 
on  May  26th,  1906.  The  food  consisted  mainly  of  Tellina 
htilthicay  with  a  few  cockles,  and  two  Hydrohia  idvce.  The 
fish  weighed  272  grammes.  The  clean  dried  shells 
weighed  11*82  grammes  (see  Plate  VI.). 

The  orther  is  a  plaice  (LL78)  caught  on  Baicliif  sands 
f»ii  June  2nd,  1906.  In  this  case  the  food  consisted  of 
cockles  only.  The  fish  weighed  221  grammes,  and  the 
<-lean  dried  shells  11*5  grammes  (see  Plate  VII.). 

Besides  those  illustrated  we  have  noted  the 
following: — LL117,  caught  on  the  Barrow  sands  on 
July  *{rd,  1906.  TTie  food  was  mainly  Tellina  halthica, 
with  a  few  Corophium  (an  isopod)  and  the  remains  of  one 
small  shoi-e  crab.  LL896,  flounder,  caught  in  the 
Duddon,  near  Askam,  on  July  18th,  1906.  The  food 
consisted  of  Tellina  halthica,  and  cockles,  in  equal 
quantity.  A  lesser  sand  eel  caught  in  Ulverston 
( 'hannel  on  May  24th,  1906,  had  four  transforming  plaice, 
six  Corophium,  four  My  sis,  and  a  large  number  of 
Gammarus  in  its  stomach. 


Plate   VI. 
(Contents  of  stomach,  etc.,  of  flounder  (LL86}.    Photo- 
graphed natural  size. 

Plate   VII. 
Contents  of  stomach,  etc.,  of  a  plaice  (LL78).     Photo- 
graphed natural  size. 
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ARTIFICIAL  FISH-HATCniNG  IX  NORWAY. 
By  (I)   G.   M.  Dannevig  and   (II)   K.  Dahl. 

The  name  of  Captain  G.  M.  Dannevig  has  been 
associated  with  the  artificial  hatching  of  cod  fry  in 
Norway  for  many  years.  The  utility  of  the  distribution 
of  such  fry  has  been  recently  criticised  by  Dr.  Hjort  and 
Mr.  K.  Dahl.  I  have  asked  Captain  Dannevig  and  Mr. 
Dahl  to  furnish  me  with  brief  accounts  of  recent  experi- 
ments and  observations,  each  from  his  own  point  of  view ; 
and  I  print  these  below  as  likely  to  be  of  interest  to 
readers  in  this  country. 

W.  A.  Herdmax. 

/. — Letter  from  Captain  G.  M,  Dannevig. 

"  To  Pkof.  W.  a.  Herdman,  F.R.S.,  &c.,  &c. 

Dear  Sir, 

The  investigations  intended  to  solve  the  very  much 
disputed  question  as  to  the  utility  of  planting  artihcially- 
hatched  cod  fry  in  our  fjords  are  now  concluded,  and 
from  my  point  of  view  the  results  are  extremely 
satisfactory. 

The  facts  are  as  follows:  — 

The  Sondeledfjord  was  investigated  in  the  latter  part 
of  September  in  the  years  190?i,  1904  and  1905,  and  the 
llellefjord  in  the  beginning  of  October  in  the  same  years. 
Cod  fry  were  planted  in  the  Sondeledfjord  in  the  spring, 
1904  and  1905,  in  all  about  48  millions;  and  in  the 
llellefjord  in  the  spring  of  1905,  about  8  millions. 

The  investigations  as  well  as  the  planting  of  the  fry 
were  controlled  by  Dr.  lljort's  assistant,   Mr.  K.  Dahl. 


105 

The  Stendalsfjord,  to  the  westward  of  Lillesand,  was 
investigated  by  me,  and  on  behalf  of  tho  Nedenas 
County,  in  the  first  part  of  September,  1904,  1905  and 
1906,  and  fry  were  planted  in  spring  1905  and  1?06,  in 
all  about  16  millions.  All  investigations  have  been  made 
with  the  same  seine,  22  fathoms  long  and  4*2  metres  deep 
in  the  middle.  In  Sondeledf  jord  106  hauls,  in  Hellef  jord 
21  and  in  Stendalsfjord  34  hauls.  Tlie  hauls  were  made 
in  the  same  places,  almost  on  the  same  date  in  the 
different  years,  and  as  uniformly  as  possible.  The 
numbers  given  are  the  entire  quantities  except  where 
given  as  the  mean  of  two  years. 

The  results  are:  — 

I. — Before  Planting  of  Fry. 


Place  and  Year. 

Cod. 

Whiting. 

Pollac 

and 

Saithe. 

Sondeledf  jord,  1903        ... 

426 

1,309 

137 

Hellef  jord,  1903  + 1904 -=- 2 

86 

259 

23 

Stendalsfjord,  1904 

454 

99 

131 

Total      965       1,667  291 


II. — ^After  Planting  of  Fry. 

Poirack 
Place  and  Year.  Cod.       Whiting.         and 

Saithe 

Sondeledf  jord,    1904  +  1905^2...    1,328       1,150  160 

Hellef  jord,  1905  143  180  3 

Stendalsfjord,  1905  +1906+2...       855  230  197 


Total     2,326       1,560  360 


All  yearlings.      Only  cod  fry  planted.      Now  it  is 
inconteatable  that  the  cod  have  increased.      The  question 
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Total  Results  of  Investigations. 


No. 

OF 

Fry. 
2400 


All  Fry  of  aboi't  6  Months  of  Agk. 
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2200 


2000 
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Fig.  2,    Pi^antinq  of  Ood  Fry. 
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IS  :  What  is  the  cause  of  the  increase?  I  will,  of  course, 
answer:  The  planting  of  the  fry.  But,  not  so  with 
Messrs.  Hjort  and  Dahl.  They  attribute  the  increase  to 
diiferent  sorts  of  currents,  to  temperature,  salinity,  etc., 
and  as  you  will  have  seen  from  the  report,  Mr.  Dahl  goes 
on  through  one  hundred  pages  to  explain  these  different 
phenomena  and  their  influence.  Well,  you  will  judge 
for  yourself.  I  shall  only  add  that  Dr.  Hjort  is  no  friend 
of  fish  hatching,  but,  of  course,  you  know  all  about  that. 
In  *'  Keport  on  Norwegian  Fishery  and  Marine 
Investigations,"  pages  120-137,  Dr.  Hjort  has  put  forward 
a  series  of  hypotheses  regarding  the  fisheries  in  our  fjords, 
which  I  was  bold  enough  to  dispute,  and  the  investiga- 
tions have  shown  that  I  was  right  on  every  point. 

1.  It  is  proved  that  there  is  a  great  number  of  cod 
(yearlings  and  larger)  in  the  fjords  during  the  whole 
summer. 

2.  The  eggs  and  fry  don't  float  on  the  surface,  but 
in  the  deeper  and  Salter  layers. 

'i.  The  surface  current  can't  bring  the  eggs  out  of 
the  fjords,  as  it  <mly  contains  very  few,  as  a  rule  none,  of 
them. 

4.  The  **  local  tribes  ''  (page  135)  do  exist,  and  the 
proof  is,  that,  according  to  Dahl,  the  spawning  cod  in  the 
fjord  have  a  mean  length  of  33  cm.,  while  in  the  North 
Sea  the  spawners,  according  to  Hjort,  have  a  length  from 
'>5  cm.  and  upwards.  All  this,  and  much  more,  is  proved 
bv  Mr.  Dahl  himself. 

The  intention  of  the  Stoi'thing  in  granting  funds  for 
the  work  was  to  find  out  whether  the  number  of  yearlings 
had  increased  after  planting  of  fry  from  Flodevigen.  My 
proposal  that  the  investigaticms  should  be  carried  out  in 
Si'ptember,  when  the  yearling  cod  was  large  enough  to  be 
caught  in  a  common  seine,  made  of  netting  with  small 
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meshes,  was  adopted  by  the  Storthing  as  well  as  by 
Dr.  Hjort.  This  gentleman,  however,  thought  that  the 
manner  proposed  was  not  detailed  enough  to  give  a 
reliable  result,  and  ordered  Mr.  K.  Dahl  to  undertake  a 
series  of  contemporary  investigations  regarding  the 
currents,  &c.,  in  the  Fjords.  Consequently  we  have  two 
diflPerent  reports — one  from  Mr.  Dahl  concerning  his  own 
work,  of  which  I  know  nothing,  and  one  from  me  relating 
to  our  joint  investigations. 

The  results  arrived  at  are  contrary  to  one  another. 
Mr.  Dahl  calculates  the  currents,  and  concludes  that  the 
fry  must  have  been  carried  out  to  sea.  I  have  proved  that 
the  fry  are  in  the  Fjords,  and  Mr.  Dahl  has  handled 
and  measured  everyone  of  those  caught ;  but  of  this  he 
says  nothing.  Mr.  Swenander,  who  has  been  conducting 
investigations  in  the  Trondhjemsf  jord  for  thi-ee  years,  has 
arrived  at  conclusions  entirely  different  from  those  of 
Dahl. 

Dr.  Hjort  agrees  with  Mr.  Dahl.  He  admitted, 
however,  at  the  last  meeting  of  the  Fiskeriraad,  that  he 
had  greatly  altered  his  views  during  the  last  eight  years, 
"  and  that  he  had  found  that  he  then  did  not  know  so 
much  about  fisheiy  matters  as  he  thought  he  did,"  but  he 
did  not  say  on  what  points  his  opinion  was  altered. 

Yours  trulVi 

G.  M.  Dannevig." 
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IT. — Investigations  concernina  tJic  effects  of  liberating 
artificially  hatched  Cod  Larvae  in  the  Fiords 

of  Southern  Norway. 

By  Knut  Dahl. 

At  the  request  of  Professor  Herdman  I  intend,  in 
the  following  pages,  to  give  a  short  account  of  the 
special  investigations  undertaken  in  this  country  in  order 
to  understand  the  conditions  under  which  we  are  adding 
hatched  pelagic  cod  larvae  to  Xorwegian  fiords.  A  more 
detailed  account  has  heen  published  in  Norwegian,  and 
will  probably  appear  later  in  English  or  German.  I 
will  here  only  state  a  few  main  results. 

The  investigations  were  carried  out  in  some  of  the 
small  fiords  of  the  Skagerrak,  and  also  on  the  coast  and 
in  the  "  Skiaergaard  "  outside  the  fiords.  Captain 
Dannevig  and  I  undertook,  upon  a  plan  made  by  him,  a 
series  of  investigations  in  the  fiords:  Sondeledfiord,  near 
Risor.  and  TTellefiord,  near  Kragero  (see  Chart,  fig.  3). 

In  these  fiords  the  occurrence  of  cod  fry  (of  the  year) 
in  th<*  bottom  stage  (littoral  fry)  was  investigated  by 
means  of  a  large  series  of  hauls  with  a  small  seine  (101- 
106  hauls  in  the  Sondeledfiord,  and  21-27  hauls  in  the 
Hellefiord).  These  hauls  were  made,  as  far  as  possible, 
in  the  same  places  and  in  the  same  manner.  They  were 
first  made  in  September-October,  1903,  and  repeated  in 
July-August,  1904,  September-October,  1904,  July- 
August,  1905,  and  September-October,  1905.  The  seine 
was  22  fathoms  long,  420  metres  deep  in  the  middle. 
The  mesh  was  about  IS  meshes  per  foot  (Norw.)  on  the 
wings  of  the  seine.       In   the  middle  part  of  the  seine 
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there  was  a  piece,  Tj  fathoms  long  of  a  mesh  of  21 
meshes  per  foot  fNorw.),  In  July-August  a  piece  of 
"Congrea"  (strong  open)  cloth  5'5  metres  long  and  as 
deep  as  the  seine  was  inserted  in  the  middle. 


.])  nf  four  fiords  examined. 


The  fiords  in  question  are  deep  fiords  and  the  littoral 
fry  mainly  live  on  the  relatively  small  shelves  along  the 
shore,  in  the  zostera  region,  where  the  hauls  with  the 
seine  were  made.  In  1904  about  335  millions  of  cod 
larvae  were  brought  from  the  Flodevigen  hatchery  to  the 
interior  of  Son  deled  fiord.  In  1905  33  millions  of  cod 
larvae  were  brought  from  the  hatchery  to  the  SSndeled- 
fiord,  and  10  millions  to  the  Hellefiord.  The  results  of  the 
hauls  made  by  Mr.  Dannevig  and  me  are  aa  follows;  — 


Ill 


SoNDELRI 

)  Fiord. 

Cod  frv 
per  haul. 

Hetj<e  Fiord:     •    1 

Larvae 
liberated  in    . 
the  spring. 

Larvae 

liberated  in 

the  spring. 

Cod  fry 
per  haul. 

Sept. -Oct.,  1908 

None                4-8 

None 

1-9 

July- Aug.,  1904 

1 
33-5 

33-7 

None 
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Sept.-Oct.,  1904 

millions 

33 
millions 

151 

66 

July- Aug.,  1905 

11-4 

10 
millions 

1-5 

Sept.-Oct.,  1905 

11-5 

7-6 

It  is  obvious  that  the  number  of  cod  fry  obtained 
per  haul  varies  both  in  the  different  years,  and  also  in 
different  seasons,  independently  of  hatching  operations, 
to  such  an  extent,  that  no  safe  conclusions  can  be  drawn 
from  the  above  facts  alone. 

Previous  experience  in  this  country  had  shown 
similar  facts,  and  from  the  beginning  of  the  work,  the 
Fishery  Board  had  pointed  out  the  necessity  of  investi- 
gations concerning  the  natural  spawning  of  the  cod,  the 
occurrence  of  natural  larvae,  the  hydrography  of  the 
fiords  in  question,  and  finally  the  ckceuiTence  of  littoral 
fry  in  the  neighbouring  fiords  where  no  fry  had  been 
liberated.  Bv  order  of  the  Board  I  undertook,  in  the 
years  1904  and  1905,  such  investigations  apart  from  my 
participation  in  Mr.  Dannevig's  experiments.  The 
occurrence  of  littoral  cod  fry  was  examined  in  the  neigh- 
bouring fiords:  Sandnesfiord  and  Stoletiord  fsee  Chart, 
fig.  3).  The  seine  employed  was  38  metres  long.  Depth 
in  the  middle  4*5  m.,  in  the  points  1*75  m.  Mesh,  16 
meshes  per  foot  fNorw.).  A  piece  of  net  5  mm.  between 
the  knots,  lO'o  m.  long,  was  inserted  in  the  middle  of  the 
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seine.       The  smallest  littoral  cod  fry  could  always  be 
retained  by  this  seine. 

With  this  seine  the  Sandnes  and  the  Stole  fiords 
were  examined  in  July  (respectively  10  and  7  hauls),  and 
September-October  (respectively  21  and  20  hauls).  The 
hauls  were  first  made  in  1904  and  repeated  in  1905. 

In  the  Kristianiafiord  28  hauls  were  made  in  August, 
1904  and  1905.  All  the  hauls  were  made  as  far  as  possible  in 
the  same  places  and  in  the  same  manner  in  both  years. 

The  occurrence  of  spawning  cod  was  studied  by 
collecting  statistics  from  the  fishermen.  The  occurrence 
of  pelagic  cod  eggs  and  larvae  in  the  fiords  and  the 
Skagerrak  was  studied  by  making  fortnightly  tow- 
nettings  in  the  following  manner.  A  small  motor  boat 
dragged  a  circular  net  (1  m.  diam.)  of  silk  gauze  for  five 
minutes.  The  net  was  buoyed  up  so  as  to  fish  within  a 
certain  distance  of  the  surface.  In  this  way  the  net  was 
towed  0,  2,  5,  10,  20  meti-es  distance  of  the  surface.  The 
distance  covered  by  the  boat  at  each  tow-netting  was,  by 
means  of  repeated  experiments,  proved  to  be  about  250 
metres.  The  occurrence  of  post-larval  cod  was  studied 
by  means  of  larger  nets  dragged  for  hours,  and  also  by 
hand-nets. 

The  hydrographical  changes  in  the  Sandnesfiord  the 
vSoiuleledfiord  and  the  Skagerrak  were  investigated  by 
means  of  taking  fortnightly  traverses  of  the  waters  in 
question.  Also  direct  current  measurements  were 
occasionally  done  with  the  Ekman  current  meter,  and  also 
with  other  apparatus. 

These   investigations   have   given    a    series   of   facts, 
which    in    my   opinion    justify    the   conclusion     that    the 
adding   of  ariificialhi    hatched    cod  larvae    is    incapahle    of 
influencing  the  natural  stock  of  frif,  even  in  very  small  and 
limited  waters^  to  a  perceptible  degree. 


At  the  beginning  of  these  investigations  I  considered 
it  important  to  study  the  question,  whether  the  natural 
production  of  hy  was  great  or  insignificant  in  the 
localities  in  question.  To  this  end  I  have  from  Risor 
gathered  statistical  reports  on  tlie  quantity  of  cod  caught 
in  the  Sondeledfiord. 

By  comparison  of  this  material  with  the  result  of 
marking  experiments  (proportion  of  recaptures  to  number 
of  marked  fish)  the  conclusion  may  safely  be  drawn, 
that  even  in  a  small  fiord  like  the  Sondeledfiord  tens  of 
thousands  of  cod  spawn  every  year,  while  the  Flodevigen 
hatchery  yearly  manipulates  the  roe  of  about  500  cod 
(males  and  females)  and  distributes  the  hatched  larvae 
over  the  whole  of  the  Skagerrak  coast.  The  number  of 
spawning  cod  on  this  coast  is  indeed  to  be  counted  in 
millions. 

By  making  uniform  hauls  with  a  tow-net  (see  above) 
I  have  endeavoured  to  study  the  quantitative  occurrence 
of  eggs  €^d  larvae  of  the  cod.  By  these  tow-nettings  it 
was  found  that  the  eggs  of  the  cod  may  occur  in  such 
numbers  in  the  upper  layers  of  the  Sondeledfiord  that 
up  to  4,000  cod  eggs  may  be  obtained  in  five  minutes' 
tow-netting.  A  calculation  based  upon  the  supposition 
that  the  number  of  eggs  gathered  by  a  series  of  tow- 
nettings  in  the  spring,  1904,  down  to  10  metres  in  four 
different  stations,  represent  approximately  true  values  for 
the  whole  of  the  inner  fiord,  gives  very  large  figures. 
Indeed,  we  get  figures  so  great,  that  we  may  safely  draw 
the  conclusion,  that  even  the  interior  ot  the  Sondeledfiord 
an  area  not  exceeding  five  square  kilometres,  may  in  one 
single  day  contain  more  eggs  than  the  Flodevigen 
hatchery  produc^es  in  the  whole  season.  And  these 
quantities  of  eggs,  the  number  of  which  may  be  calcu- 
lated at  a  certain  time  in  a  fiord,  are,  of  course,  not  the 
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whole  production.  Quantities  are  hatched  previously, 
masses  are  hatched  daily,  and  new  eggs  are  daily  spawned. 
Also  they  are  distributed  by  the  current  over  areas  where 
no  spawning  takes  place. 

The  natural  spawning  and  hatching  of  cod  eggs  in 
the  fiord  is  also  of  much  longer  duration  than  in  the 
hatchery.  Even  before  the  f  17  of  the  hatchery  are  ready 
for  planting  out  I  have  found  multitudes  of  cod  larvae 
in  the  fiords  and  the  Skagerrak,  and  I  have  proved  that 
cod  eggs  and  recently-hatched  cod  larvae  occur  in  the 
waters  in  limited  numbers,  even  months  after  the  opera- 
tions at  the  Flodevigen  hatchery  have  ceased. 

The  natural  spawning  and  hatching  of  cod  eggs  is, 
therefore,  in  the  small  area,  which  I  have  investigated 
round  Risor,  of  far  greater  dimensions  than  the  produc- 
tion of  larvae  at  Flodevigen  a  production  which  is  limited 
to  a  shorter  space  of  the  season,  and  which  is  to  be  dis- 
tributed over  a  large  stretch  of  the  coast. 

In  1905  a  series  of  hauls  was  made  in  order  to  test 
whether  the  adding  of  hatched  cod  larvae  to  the  Sondeled- 
fiord  was  capable  of  influencing  the  number  of  occurring 
larvae.  A  few  days  before  the  first  liberation  of  hatched 
larvae  took  place,  I  made  20  hauls  of  five  minutes' 
duration  in  four  stations.  The  net  fished  on  each  station 
within  0,  2,  5,  10  and  20  metres  of  the  surface.  These 
hauls  were  repeated  on  three  occasions  during  and  after 
the  period  of  liberation  of  the  hatched  fry. 

The  following  tables  give  the  dates,  the  total  catches 
on  each  occasion,  and  the  dates  of  the  liberation  of  the 
different  portions  of  larvae  :  — 


115 


Liarvae  *  liberated 


Date 

4/4/05 

7/4/05 
10/4/05 
19/4/05 


BfOIions 
about  7 


»» 


8 
M    10 


i 


»» 


8 


! 

20  Hauls 
each  time 

Cod 

eggs 

eggs 

last 

stage 

Cod 
larvae 

Size  of 
larvae 

Date 

. 

28/3-29/3/05 

1840 

64 

154 

3-5  ram 

12/4-13/4/05 

2201 

76 

83 

3-5-6  mm 

29/4-2/6/05 

2134 

18 

37 

3-5-8  mm 

16/5-16/5/05 

1075 

22 

44 

2-10  mm 

It  will  be  observed  that  the  liberation  of  33  millions 
of  cod  larvae  prodiiced  no  effect  which  could  be  recognised 
in  the  numbers  caught.  The  totals  from  the  hauls  show 
that  eggs  were  constantly  spawned  and  hatched.  Biit 
the  relation  between  eggs  and  larvae  is  never  influenced 
in  the  favour  of  larvae.  For  instance,  notwithstanding 
that  more  than  20  millions  were  liberated  between  the 
first  and  second  investigations,  and  that  10  millions  were 
liberated  even  two  days  previous  to  the  second  investiga- 
tion, the  number  of  larvae  constantly  decreased  as  did 
the  number  of  eggs  in  the  last  stage.  On  the  fourth 
examination  the  number  of  eggs  in  the  last  stage  as  well 
as  of  larvae,  again  slightly  increased. 

A  decrease  in  the  number  of  larvae  is  naturally  to  be 
expected  with  the  advancing  season.  But  this  decrease 
and  the  final  slight  rise  is  also  explained  by  a  consider- 
ation of  the  hydrographical  changes  which  took  place  at 
the  time  of  the  investigations. 

It  will  easily  be  understood  that  these  small  recently- 
hatched  cod  larvae  which  are  liberated  in  the  fiords  are 
freely  exposed  to  the  movements  of  the  water.  During 
the  many  weeks  (they  rarely  appear  at  the  bottom  before 
June-July)  in  which  they  are  leading  a  pelagic  life  in 

*  Larvae  from  the  Flodevigen  hatchery,  ready  for  liberation, 
meMare  (preserved  in  formalin,  same  as  the  captured  larvtio)  from 
8-6  to  4-5  mm. 
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the  upper  water  layers,  they  will  be  largely  dependent  on 
currents.  After  they  have  grown  larger  they  also  to  a 
very  great  extent  take  refuge  under  jellyfish  and  follow 
their  drift. 

No  investigator,  wishful  of  forming  an  unprejudiced 
opinion,  can  justly  ignore  the  possibility  that  the  eggs  and 
young  of  the  cod  during  this  relatively  long  space  of 
time,  while  they  are  leading  a  pelagic  life  in  the  waters 
of  the  sea,  may,  and  under  certain  circumstances  un- 
doubtedly must,  be  subject  to  the  movements  of  the  waters 
and  dependent  on  these  as  to  their  fate.. 

If  we  should  endeavour  to  propagate  the  plants  of  a 
field  with  seed  which  floated  in  the  air  for  a  couple  of 
months,  surely  we  would  have  to  consider  the  currents  of 
the  air.  It  is  thus  obvious  that  an  understanding  of  the 
hydrographical  changes  in  the  fiords  and  their  effects  on 
the  larvae  is  essential  for  the  solution  of  the  problem. 
The  eggs  and  larvae  live,  according  to  my  material, 
chiefly  in  water  between  20  and  30  per  thousand  salinity ; 
such  as  the  relatively  fresh  surface  water,  which  covers 
the  Salter  water  of  the  Skagerrak  and  fills  the  upper  layers 
in  the  Skagerrak  fiords.  Eggs  and  larvae  are  distri- 
buted from  about  20  metres  and  upwards  in  numbers 
which  generally  diminish  towards  the  surface,  but  occur 
in  the  dift'erent  depths  in  about  the  same  relation  to  each 
other.     Thus  the  larvae  do  not  float  lower  than  the  eggs. 

By  experiments  undertaken  by  Mr.  Dannevig  and 
me  in  the  Flodevigen  hatchery  the  recently  spawned  eggs 
and  newly  hatched  larvae  were  all  found  to  float  at  the 
surface  of  water  of  a  density  (i.e.,  specific  gravity  in  situ) 
of  1,021  and  in  water  of  less  density  they  floated  or  sank 
in  the  same  proportion  to  each  other.  Direct  current 
measurements  have  shown  that  this  water-layer  which 
contains  the  eggs  and  larvae  moves  as  well  in  as  out  of 
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the  fiords.  The  upper  parts  of  it  move  as  a  rule  outwards 
with  great  speed  up  to  20-30  cm.  per  second.  The  lower 
parts  of  it  move  inwards  with  less  speed.  The  depth 
of  the  outgoing  current  varies. 

The  larvae  are  found  in  the  outgoing  as  well  as  in 
the  ingoing  eurent.  The  fast-flowing  surface  layers  are 
not  so  rich  in  larvae  as  the  deeper  inflowing  layers;  but 
then  they  run  much  faster,  and  thus  transfer  just  as 
great  masses  of  larvae  as  the  slow-flowing  deeper  layers 
that  are  more  apt  to  **  stow  up  ''  the  larvae  or  pack  them 
more  closely  together.  Tides  are  in  this  locality  of  very 
small  account,  amounting  only  to  about  10  centimetres. 

Changes  may  occur  in  the  above-sketched  current 
system.  A  westerly  gale  lasting  some  days  will  thus 
blow  nearly  all  the  surface  water  away  from  these  iiords, 
and  bring  the  salt  bottom  water,  from  20-30  metres 
depth,  right  to  the  surface.  After  such  a  gale  the  salt 
bottom  water  will  again  drop  down  and  pull  over  it  a 
strong,  deep,  ingoing  water-layer  from  the  Skagerrak. 
Kises  and  falls  in  the  deep  salt-layers  of  the  Skagerrak 
will  produce  the  same  eftect.  A  diagram  showing  the 
alterations  in  the  water-layers  contemporaneous  to  the 
tow-nettings,  which  I  have  mentioned  above,  will  clearly 
illustrate  the  great  changes  which  took  place  in  the 
Sondelediiord  as  well  as  also  in  the  neighbouring  fiord, 
the  Sandnesfiord.  The  water-layer,  in  which  the  larvae 
mainly  live  (the  white  layer  between  20  and  30  per  thousand 
salinity),  and  where  the  isopykn  of  1,021  is  drawn,  is 
subjected  to  great  changes.  The  salt  bottom  water  rises, 
sweeps  all  the  water  above  20  m.  depth  out  of  the  6ord, 
then  again  drops  and  sucks  in  new  water  of  low  salinity 
from  the  Skagerrak. 

Exactly  the  same  changes  occur  in  the  Skagerrak, 
where    contemporaneous    observations    were    made    two 
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miles  from  the  coast.  On  April  1st  the  isopykn  of  1,021 
wa8  at  a  depth  of  18  m. ;  on  April  14th,  at  8  m. ;  on  May 
3rcl  at  the  surface  and  on  May  23rd  at  8  m.  again. 

Along  with  these  great  changes  of  the  surface  layers 
in    the  fiords  great  changes   were   also   ohserved   in   the 
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number  of  cod  larvae,  as  mentioned  above,  and  also  in 
the  number  of  other  fish  larvae.  The  above  diagram 
shows  the  relation  between  the  rise  and  fall  of  salinity, 
the  isopykn  of  1,021  and  the  average  number  of  cod  larvae 
per  haul  in  the  Sondeledfiord  on  the  four  occasions 
mentioned  on  page    115.     (See  Fig.  5.) 
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In  this  diagram  the  four  vertical  lines  denote  the 
four  dates  of  the  investigation.  The  unbroken  curve 
denotes  the  average  number  of  cod  larvae  per  5-miu. 
tow-nettings  at  1  m.  depth  and  250  metres  length,  calcu- 
lated by  integration  of  the  figures  gained  by  the  20  tow- 
nettings,  which  were  made  on  each  occasion  at  the  four 
stations  in  the  fiord.  The  broken  cui've  shows  the 
alterations  in  salinity  at  20  m.  depth  in  the  middle  station. 
The  dotted  curve  denotes  the  distance  under  the  surface, 
where,  on  the  same  station,  the  specific  gravity  of  the 
water  in  situ*  was  1,021,  a  value  the  importance  of  which 
has  previously  been  mentioned. 

If  we  study  this  diagram  wc  shall  observe  that  the 
decrease  in  the  number  of  larvae  closely  follows  the 
upheaval  of  the  salt  water  and  the  rise  of  the  isopykn  of 
1,021  towards  the  surface,  expelling  the  **  fry  water ''  of 
lower  salinity.  When  the  salinity  again  was  lowered 
and  the  isopykn  of  1,021  again  subsided  the  number  of 
larvae  rose. 

Similar  phenomena  were  observed  also  in  the 
Sandnesfiord,  and  the  circulation  in  this  fiord  being 
quicker,  the  alterations  in  the  numbers  of  fry  t  were  here 
still  greater.  Also  a  study  of  the  occurrence  of  the 
Pleuronectid  larvae  shows  exactly  the  same  great 
decrease  in  their  number  parallel  to  the  expulsion  of  the 
upper  water-layer  in  which  they  lived. 

These  facts  seem  to  me  to  indicate  an  intimate  con- 
nection  between  the  movements  of  the  water  and  the 
movements  of  the  eggs,  lanae  and  fry.  There  is  evidently 
a  more  or  less  constant  circulation  of  pelagic  fry  con- 
nected with  the  circulation  of  the  waters.  The  pelagic 
fry  evidently  drift  in  and  out  according  to  the  changing 

•  The  weight  of  the  water  iu  grams  per  c.cni. 
♦  Also  the  nnmhor  of  osfcrs  dccrcaFcd  more  rapidly  in  this  fiord. 
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movements  of  the  water-masses.  The  pelagic  cod  fry  may, 
therefore,  not  be  considered  as  belonging  to  a  certain  small 
fiord  or  locality.  It  forms  a  moving  and  changing  part 
of  the  stock  of  fry  belonging  to  a  far  greater  area  of 
water. 

As  the  movements  of  the  water  masses  differ  in 
different  years,  they  would  be  expected  to  produce  annual 
variations  in  the  occurrence  of  the  fry.  This  has,  indeed, 
proved  to  be  the  case.  In  May,  1904,  there  was  a  verj' 
weak  Baltic  current  and  plenty  of  western  water  in  the 
Skagerrak.*  All  the  summer  there  were  large  masses  of 
drifting  fry  to  be  see7i  in  the  sea  and  especially  in  the 
bi'ginuing  of  June  they  were  very  numerous.  I  could 
nearly  everywhere  note  their  presence,  by  direct  observa- 
tion, under  the  drifting  jellyfish,  and  easily  catch  them 
with  a  small  hand  net.  I  could  anchor  mv  boat  in  the 
open  Skagerrak  oft'  Risor,  and  observe  the  pelagic  young 
of  cod,  haddock,  and  whiting  in  great  masses  drift  past 
under  the  jelly-fish  with  a  speed  of  '\-4  knots.  The  sea 
was  quite  full  of  jelly-fish  and  under  nearly  every  one  of 
them  swam  one  or  several  young  fish,  which  easily  were 
caught  for  examination.  By  towing  my  small  tow-net 
fl  ni.  diam.)  for  five  minutes,  I  could  catch  up  to  39  cod, 
haddock,  and  whiting  of  2  to  3  cm.  length.  The  '*  Michael 
Sars  "  found  these  young  fish  distributed  in  the  upper 
layers  over  the  whole  of  the  deeper  Skagerrak,  and  there 
can  be  no  d(mbt  as  to  these  young  having  drifted  out 
from  shallow  water,  because  no  co<l  spawn  in  the  deep 
.^^ka^rrak. 

Ill  1905  things  were  entirely  ditterent.  This  year 
there  was  a  strong  Baltic  current. t      During  the  early 

•  See  BulK'tiii  of  International  Council  £<^r  the  study  of  tlit*  sea. 
•   S«^  Bulletin  of  the  International  Council  for  tho.  Studv  of  the  Sea. 
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summer  no  young  fish  were,  with  a  few  exceptions, 
observed  by  me  under  the  jelly-fish.  Hauls  of  very  great 
duration  had  to  be  made  to  prove  their  presence  even  in 
scantv  numbers.  In  late  summer  their  number  seemed 
to  increase  under  the  jelly-fish,  and  in  autumn  the  young 
of  the  whiting  were  for  the  first  time  to  be  seen  in  great 
numbers  under  the  jelly-fish. 

The  investigations  with  seines,  undertaken  by  Mr. 
Dannevig  and  me  in  common,  as  well  as  by  me  alone, 
also  shewed  a  marked  difference  in  the  number  of  littoral 
fry  obtainable  in  the  two  years.  In  1904  I  ascertained 
that  the  young  cod  3-4  cm.  long,  as  early  as  in  the  last 
days  of  May,  occurred  in  the  Zostera  along  the  shores  of 
the  Sondeledfiord,  the  coast  outside  and  in  the  Sandnes- 
fiord.  Their  numbers  constantly  increased  and  they 
were  to  be  found  everywhere  along  the  coast,  even  in  the 
Christianiafiord,  in  great  numbers. 

In  1905  things  were  quite  different.  The  facts  are 
clearly  shown  by  the  following  diagram  (fig.  6),  giving 
the  average  number  of  cod  fry  obtained  per  haul  in  the 
different  fiords  examined  in  July- August  in  the  two  years. 

It  is  easilv  seen  that  tlie  summer  1904  evervwhere 
is  characterised  by  a  relative  abundance  of  frv.  The 
greatest  abundance  occurix»d  in  the  open  fiords  Sandnes- 
fiord  and  Stolefiord.  which  both  have  a  lively  circulation 
of  water.  Even  in  the  Kristianiafiord,  which  by  previous 
investigations  (1898-99)  was  found  to  have  a  very  poor 
stock  of  fry  during  summer  was  now  rehitively  rich. 

The  summer  of  1905  was  characterised  bv  great 
poverty.*  In  the  Kristianiafiord  tlie  poverty  was,  for 
example,  just  as  prominent  as  lljort  found  bv  his  investi- 
gations  in   1898  and   1899.        The    Ilellefiord,   where   10 

*  The  temporaturcs  and  salinities  wero  in  both  years  practically  the 

same  in  the  fiords  invcstijjated. 
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millions  of  larvae  were  liberated  in  spring,  was 
very  poor.  The  Sondeledfiord  where  33  millions 
were  liberated  was  a  little  richer.  But  the  inner 
part  of  the  fiord,  where  the  majority  of  the  fry  was 
liberated  was  exceedingly  poor.  The  greater  part  of  the 
fry  caught  in  this  fiord  belongs  to  the  section  of  the  fiord 
nearest  to  the  coast  and  the  *'  Skiaergaard."  This  part 
was  examined  a  couple  of  weeks  later  than  the  inner  part 
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Fig.  6.    Diagram  showing  the  average  number  of  cod  fry  obtained  per 
haul  with  fine-meshed  seinen  in  the  fiords  examined,  July- August. 


of  the  fiord  and  about  three  weeks  later  than  the  Sandnes 
and  Stole  fiords.  It  can  be  proved  that  the  number  of 
fry  increased  during  this  time,  because  also  the  Sandnes- 
fiord  early  in  September  was  much  richer  in  fry  than  it 
was  in  July.  A  similar  diagram  (fig.  7)  showing  the 
results   for  September-October  will  show   this   still  more 

clearly. 

A    comparison  with   fig.   6    will   immediately   show 
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that   the   number   of  fry   had   largely   increased   in   the 
Sandnesfiord  as  well  as  the  Stolefiord.* 

These  diagrams  indicate  the  conclusion  that  when 
thtnr  is  a  Hcarcity  of  fry,  this  scarcity  is  common  to  a  larric 
stretch  of  coast,  and  when  there  is  an  abundance  of  fry,  this 
abundance  nuiy  be  observed  everywhere  within  a  certain  lanje 
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Fifi.  7.     Diagram  showing  average  number  of  cod  fry  obtained  per  haul 
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area.  The  addition  of  artificially  hatched  cod  larvae  to  a 
localitif  seems  nowhere  to  inlUunue  the  relaiire  abundance  of 
littoral  fry  in  a  rccoynisahle  decree. 

These  facts,  of  which  I  have  here  briefly  drawn  the 
main  outlines,  seem  to  me  to  leave  little  hope  as  to  the 
possibility    of    carrving    out    a    fish    culture,    or    locally 

•  The  investi<;(ati<^nK  in  Sept.-O't,  in  the  Sondeledfiord  and  in  the 
Hellefiord  wt;re  made  with  a  more  coarse-meshed  seine  than  mine. 
This  seine  (Mr.  Dannevi^^'s  seine,  see  page  111)  must  have  let  nearly 
all  the  very  small  fry  (under  0-7  cm.)  pass  through  the  me.shes,  the 
eloth  in  the  middle  being  then  removed  In  July-August  the  seines 
fish  about  alike.  The  results  from  autumn  may  thus  in  these  two 
fiords  not  lUrectUi  be  compared  to  the  autumn  results  in  the  Sandnes 
and  Stole  fiords,  Both  of  these  wore  examined  with  my  seine,  which 
could  catch  all  sizes. 
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influencing  the  number  of  littoral  fry  by  means  of 
liberating  artificially  hatched  cod  larvae. 

An  exact  proof  is,  of  course,  impossible  to  give,  as  it 
is  impossible  to  follow  and  recognise  the  different 
individuals  during  development.  A  circumstantial  proof 
or  a  calculation  of  possibilities  is  all  we  are  able  to 
attain.  And  our  opinion  of  the  matter  must  be  formed 
on  such  judgment. 

As  I  have  mentioned  before,  my  investigations  have 
proved  that  the  fiords  themselves  produce  such  quantities 
of  cod  eggs  and  larvae  that  the  numbers  which  we  can 
produce  from  the  hatchery  at  a  reasonable  price  are  small 
in  proportion  to  the  natural  production.  The  liberated 
larvae  are  distributed  by  the  current  and  mixed  with  the 
stock  of  fry  belonging  to  far  greater  areas.  In  this  way 
its  importance  to  the  naturally  existing  fry  is  still  further 
lowered.  Our  investigations  of  the  occurrence  of  the 
littoral  fry  give  a  clear  impression  of  this.  As  far  as  I 
can  see  the  present  proofs  all  point  to  the  conclusion, 
that  the  natural  laws  and  causes  which  determine  the 
growth  and  distribution  of  the  cod  fry  along  the  coast 
seem  to  be  so  powerful  that  the  influence  of  the  small 
and  limited  numbers  of  larvae  which  we  possess  the 
power  of  liberating,  cannot  be  traced.  Evidently  these 
larvae  disappear  as  an  insignificant  and  unrecognisable 
part  of  the  great  mass  of  fry  belonging  to  a  larger  area. 
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REPORT    ON    EXPERIMENTS     WITH     MARKED 
PISH    DURING    THE     TEAR    1906. 

By  Jas.  Johnstone 

The  experiments  with  marked  fishes  begun  in  1904 
were  continued  during  1906.  It  was  our  intention  to 
mark  1,000  fishes  during  this  year,  but  for  various  reasons 
little  more  than  half  that  number  were  dealt  with.  At 
the  beginning  of  the  year  it  was  suggested  to  me  that  the 
plaice  caught  in  the  course  of  the  ordinary  trawling 
experiments  carried  on  by  the  "John  Fell*'  should  be 
marked  and  liberated — that  is,  that  special  cruises  for  the 
purpose  of  catching  fish  for  marking  experiments  should 
not  be  made,  but  the  routine  trawling  experiments  should 
be  utilised  for  this  purpose.  This  policy  was  adopted, 
and  with  one  or  two  exceptions  the  fish  marked  and 
liberated  were  caught  on  the  ordinary  trawling  stations 
visited  as  a  matter  of  routine  by  the  "  John  Fell."  From 
several  points  of  view  this  method  is  to  be  recommended, 
but  the  general  result  has  been  that  smaller  lots  of  fish 
were  liberated  than  was  desirable.  In  future  it  would 
probably  be  better  to  concentrate  these  experiments,  and 
spend  more  time  on  each,  catching  and  liberating  larger 
numbers  of  fish  at  fewer  stations.  Experience  of  the 
distribution  and  migration  of  plaice  has  convinced  me 
that  quarterly  marking  experiments  (roughly  speaking) 
would  probably  give  the  best  results.  The  fish  should  be 
liberated  about  the  end  of  'October  or  beginning  of 
November,  then  in  February  or  March,  then  in  June  or 
July,  and  possibly  also  in  September.  In  this  way  we 
should  make  the  experiments  correspond  with  the  times 
when  the  fish  are  changing  their  habits. 
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Pressure  of  other  work  interfered  at  times  with  the 
experiments  of  1906.  It  was  not  always  an  easy  matter 
to  obtain  sufficient  quantities  of  fish  of  suitable  sizes. 
Then  during  November  and  December  very  rough  weather 
was  experienced,  and  some  projected  experiments  had  to 
be  abandoned. 

As  in  former  years,  I  am  greatly  indebted  for 
assistance  in  these  experiments.  Both  Dr.  Jenkins  and 
Capt.  Wignall  have  given  every  facility  and  displayed 
great  forbearance  during  the  prosecution  of  experiments 
which  have,  no  doubt,  tended  to  disturb  the  usual  routine 
of  the  patrol  work  of  the  *'  John  Fell.'*  As  in  former 
years,  the  chief  Fishery  officers  have  given  indispensable 
assistance  in  receiving  and  forwarding  marked  fishes 
handed  them  by  fishermen.  Several  members  of  the 
Sea  Fisheries  Committee  (Messrs.  Harley,  Dean, 
Houldsworth,  Saycell  and  Gamett)  have  also  given 
invaluable  assistance,  and  several  gentlemen  (Mr.  Robert 
KnoXy  Douglas;  Mr.  A.  J.  Rust,  of  the  Milford  Haven 
Committee;  Mr.  F.  B.  Rees,  Milford  Haven;  and  the 
Customs'  officers  of  that  port — Mr.  T.  Parker,  Glenluce ; 
Professor  D'Arcy  Thompson,  Dundee;  and  Mr.  E.  W.  L. 
Holty  of  the  Irish  Department  of  Agriculture  and 
Technical  Instruction),  quite  unconnected  with  the 
Lancashire  and  Western  Sea  Fisheries  Committee,  have 
given  every  assistance. 

During  1906,  683  plaice  and  other  fishes  were  marked 
and  liberated.  Of  this  total  number  88  were  flounders, 
38  were  dabs  and  13  were  small  brills.  One  large  cod  was 
also  marked  and  liberated,  but  was  not  heard  of  again. 
No  soles  were  dealt  with,  as  our  former  experience  (and 
that  of  other  investigators)  of  mapking  this  fish  has  been 
unfavourable.  Flounders  give  very  favourable  results, 
and  so  also  do  brill.     Dabs,  on  the  other  hand,  do  not 
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withstand  the  marking  operations  with  much  success. 
Both  dabs  and  soles  have  strongly  ctenoid  scales. 
These  are  probably  used  to  some  extent  for  purposes  of 
locomotion,  and  the  fishes  no  doubt  drag  themselves  along 
the  sea  bottom  by  means  of  their  rough  skin,  and  in  so 
doing  cause  the  attached  label  and  button  to  chafe  the 
flesh  and  cause  a  bad  wound.  Soles,  and  probably  dabs, 
are  also  more  susceptible  to  slight  skin  abrasions  than 
plaice  or  flounders. 

As  before,  it  is  no  doubt  the  case  that  marked  fishes 
have  been  caught  and  were  not  reported.  I  have  heard 
of  several  such  cases.  Capt.  Wright,  Chief  Fishery 
Officer  at  Fleetwood,  reported  the  finding  of  several 
marked  fishes,  and  information  as  to  one  reached  me  from 
a  friend  in  Cairo.  In  most  of  these  cases  identification  of 
the  number  of  the  label  was  impossible,  so  they  are  not 
included  in  the  lists  given  in  this  report. 

The  summary  table  on  pages  180  and  181  shews  the 
stations  of  1906,  the  numbers  of  fishes  liberated  and 
returned  and  the  percentages  of  recapture.  It  also 
includes  the  numbers  of  marked  fish  liberated  in  1904-5 
which  have  been  returned  during  the  past  year.  Before 
discussing  the  experiments  of  1906,  the  latter  may  be 
considered. 

It  -will  be  most  convenient  for  the  reader  if  I  present 
the  results  of  the  experiments  in  the  form  adopted  by  the 
German  investigators,  working  under  the  International 
Fishery  Investigations  Scheme. 

"  The  analyses  of  size  of  fish "  give  the  numbers  of 
fishes  marked  and  liberated.  Sizes  were  always  measured 
to  the  nearest  quarter  of  an  inch. 

For  convenience,  the  headings  of  the  columns  in  the 
tables  giving  particulars  of  the  fishes  returned  are 
numbered  as  follows:  — 
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1 

2 

8 

4 

5 

6 

7 

8 

No.  of 
label 

Size  when 

liberated 

Inches 

Place  of 
recapture 

Date  when 
recaught 

Time  in 
the  Sea 
Months 

Size  when 

recaught 

Inches 

Increase 
in  size 
Inches 

Method  of 
recapture 

The  symbols  (8)  denoting  method  of  fishing  by  which 
the  marked  fishes  were  recaptured  are :  — ST,  steam 
trawler;  IT,  1st  class  sailing  trawler;  2T,  2nd  class 
trawler  (shrimper  or  fish  trawler);  TN,  trammel  net; 
SN,  stake  net;  GN,  gill  net;  B,  baulk;  T,  "tees." 

Sizes  are  given  to  the  nearest  Jth  inch.  "  Time  in 
the  sea"  is  given  in  months  (4-weekly  periods). 

FUBTHER   EeSULTS   OF   THE    EXPERIMENTS    IN    1904-5. 

Thirty-four  fishes  liberated  in  the  course  of  the 
experiments  of  1904  and  1905  have  «been  recaptured 
during  the  present  year.  With  the  exception  of 
experiments  21  and  22,  1905  (October,  Luce  Bay  and 
Formby  Channel),  these  further  results  obtained  do  not 
inaterially  modify  the  percentages  of  recaptures  given  in 
the  Summary  Table  published  in  the  last  Annual  Report.* 
Interesting  results  with  reference  to  the  migrations  and 
rate  of  growth  of  plaice  are  yielded  by  these  recaptures, 
but  these  will  be  referred  to  later  in  this  Ileport.  In  the 
meantime  I  give  the  particulars  with  regard  to  the 
recovery  of  the  fishes  in  question :  — 

Experiment    4,    12th    November,    1904. 
Station:  1^  miles  N.W.  from  Great  Ormes  Head, 
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4      :    5  1    6       7 

8 

L1(H 

8i 

N.  by  W.  from  Ballycottin 
island,  S.  coast  of  Ireland. 

12/11/06:  26  i  15j|  7i 

'                 1 

ST 

This  fish  has,  therefore,  been  exactly  two  years  in  the 
sea  before  it  was  recaught. 

*  Report  for  1906  Lancashire  Sea  Fisheries  Laboratory,  1906,  pp.  108-150. 
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Experiment    7,     18th    November,    19 
Station:  Luce  Bay. 
Four  fishes  are  to  be  added  to  the  former  list.* 
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8 

3                   1       4 

6 

6 

1 

8 

L242 

L2sa 

L287 
L288 

Si 

Bay,  5  fathoniH. 
4    mLles    W.N.W.    from  (    28/2/06 

Whitehaven  Pier 
on  LarRS.  Firth  of  Clyde     12/1 1/00 
Off  Staicbiiven  Hnrbour,         4/9/0(1 

Luce  Bav. 

- 

10 

15 

16J 

It 

GN 

IT 

2T 
GN 

Experiment     10,     17th     March,     1905. 
Station :  5  miles  W.  from  Morecambe  Bay  Lightehip. 


1 

2 

8 

4 

S 

, 

7 

8 

L490 

8i 

10-12   milra    B.E,    from 
Maufihold     Head,     12 
fathoms. 

14/7/06 

- 

~ 

ST 

Experiment    14,     6th     July,     1906. 
Station :     2    miles    W.S.W.    from    Liverpool    Bar 
Lightship. 
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2 

3 

4 

H'l' 

8 

1,528 
L541 

10 

83 

Caldv  laUnd  bearing 
N.W..  15  milM  distant. 

10  mile*  VV.S.W.  from 
Smalln  Ught.  57  fath». 

lCI/7/00 
17/9/Oa 

-  :  14i   &i 

IT 

.ST 

Experiment     16,     12th     July,     190. 5. 
Station  :  Near  Bahama  Lightship. 
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.  1 

4           6 

e 

7 

S 

L5a7 

9 

8  miles  R.VV.  from  Hnre- 
cambe  Bay  light  Ship. 

7/7/1)6  1  - 

10| 

11 

IT 

Experiment     17,     13th     Julv 
Station :  Blackpool  Closed  Ground. 


1     1        8       1                     3 

4           6       6 
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8 

1                i 
LS2I  1         7           Morecarabe.  oppoBile  old 
Pier  3  tath<.ra«. 

30/1 2/OB   —      - 

- 

2T 

Experiment    20,     22n(l    July,     1905. 
Station:  5  miles  N.W,  by  W,  from  Aberystwyth, 


i            2 

s 

4 

5       6 

7 

8 

La48|        8i 

Horse  Channel.  Fairvay, 
10  fathoms. 

26/11/06 

-  "> 

3f 

2T 

Experiment    21,     13th    October,     1905. 
Station :  Luce  Bay. 
Fish  caught  in  Luce  Bay. 

Analysis  of  Sizes  of  Fish  Liberated. 
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No.  of  plaice 

1 

2 

I 

2 

6 

1 
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Analysis  of  Sizes  of  Fish  Retvenkd. 
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S 

a 

7 
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L8«0i 

Hi 

5  miles  W.   from   SUut- 
haven    Harbour,   Luce 

Bay,  7  fathoma. 

31/7/Oa 

14 

2) 

(IN 

LS68i 

9 

Off  Sand  Head,  L.ice  Bay 

24/8*05 

CN 

L864 

101 

5    mite*    W.SW.    from 
Stairhaven     Harbour, 
Luce  Bay.  S  (athomfl. 

25/0/00 

10 

i:i 

2i 

ON 

L875 

m 

2  miles  W.   from   Stajr- 
baveii   Harbour.   Luce 
Bay. 

Probably  tie*r  Maughold 

23/4/06 

7 

I2i 

i 

LSfisI 

loi 

1/2/W 

* 

lot 

_ 

ST 

U70 

lOi 

17  miles  ^.W.  from  Piel 

Gas  buoy. 
8  a>ile«  W.   by  8.  from 

17/2/06 

4 

101 

i 

L87a 

121 

17/3/06 

13) 

i 

S4' 

Selker  LiKht  Ship. 

L871  1 

101 

6    miles    E.    from    Bol- 
W^,     Ca     Mealh. 

25/7/06 

121 

a 

" 

Experiment  21  of  1905  was  made  while  trawling  in 
Luce  Bay  for  mature  plaice  for  Piel  Hatchery.  Twenty 
fishes  were  liherated,  and  during  the  next  twelve  months 
eight  of  these  were  returned.  Four  of  these  were 
recaptured  in  Luce  Bay  itself,  not  far  from  the  place  of 
original  capture.  An  interesting  result  from  this  experi- 
ment is  that  for  the  first  time  we  have  observed  a 
migration  from  Luce  Bay  into  the  Irish  Sea.  Previously 
the  fishes  marked  in  Luce  Bay  were  recaught  in  their 
original  habitat,  in  the  Firth  of  Clyde,  or  in  the  Solway, 
but  three  (Nos.  L865,  L870,  L876)  of  the  lot  here 
considered  were  recaught  in  the  Northern  part  of  the 
Irish  Sea  and  one  {L871)  on  the  East  Coast  of  Ireland, 
which  it  probably  reached  afteir  traversing  the  waters 
East  of  the  Isle  of  Man. 


Experiment     22,     26th     October,     1905. 
Station :   Entrance  to  Formby  Channel. 
Fish  caught  in  Rock  Channel. 
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DP  Sizes  of  Fish  Liberated. 

Sizes  (inchei>) 
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No.  of  plaice 
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9  {  11       S  1     1        2       1 
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Pabticulahs  of  Fish  REToaN 

ED. 

1 

2 

s 

4 

5 

6 
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LOOl 

101 
8k 

i 

2    miles    N.N.W.    from 
Liverpool    Bar    Light 
Ship,  13  fathoms. 

2B/B/0e 

3I/I0,'05 

12/8/Ofi 

21/11/Ofi 

17/11/06 

2/5/0« 

lO/3/Ofi 

10 

13! 
10 

0 

2T 

L9I7 

LOIS 

N.N.W.    froT..    liverpool 

Bar  Light  Ship.  17  faths 

Off  Neweome  Knoll    

IT 
2T 

L92,1 
L93r> 

2  milcB  N.  from  Formby 

Channel  Fairv,-By  Buov. 

Rork  ChtumcL  3  f»thB..'.. 

2T 
IT 

Particclabs  of  Fish  Returned — continued. 
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8i 
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SI 

1' 

«1 

Form  by    Cbannel,    near 
N.W.  Booy. 

12  milaa  N.  from  Liver- 
pool  Bar   Light  Skip. 
IS  iMhoma. 

oys/oe 

5/8/00 

17/4/00 
26/4/06 

1/5/06 

4/3/0(1 

27/s/oe 

18/1 E/05 
3/12/05 

U/12/05 

ii/8/oa 

2/9/06 
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8( 
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21 

2T 
IT 

UI3 
I,9S4 

L935 

S,  side  of  Eibble,  oppoaito 

AnsdeU  Buoy. 
BoK  Hole,  near  Birkdale 

Gm  Buoy, 
Jumbo  Buoy.  Soiithporl 

SN 
2T 
2T 

9T 

L901 
L939 

Liino.  noBT  OloSBon   Dock 

LiRht. 

Roosobcck    Soar,    More- 
cam  bo  Bay. 

2T 

SN 

L90e 
U06 

i  miles  S.W.  from  More- 
oambeBay  Ugbt  Ship. 

25  mileB  N.  h-om  Smalfa 
Liaht. 

IT 
ST 

Experiment  22  of  1905  (Chart  I.)  gives  results  which 
are  fairly  coasistent  with  those  of  other  experiments.  If 
consideration  be  paid  to  the  length  of  time  that  has 
elapsed  between  liberation  and  recapture,  I  think  the 
movements  of  the  plaice  indicate  winter  alongshore  and 
summer  offshore  migrations.  Thus  all  the  plaice  (7) 
recaptured  within  the  two  months  after  liberation  were 
found  in  the  shallow  waters  in  the  channels  and  on  the 
edges  of  the  banks.  Four  have  travelled  towards  the 
Cheshire  shallow  waters,  and  three  towards  Ribble  and 
Morecambe  Bay.  Then  we  have  a  group  of  five  fishes 
recovered  about  the  fifth  and  sixth  month  after  liberation 
in  the  Southport  and  Mersey  Channels.  Theae  have 
probably  remained  there  after  the  initial  inshore 
migration.  Finally,  there  is  a  group  of  six  fishes  which 
have  migrated,  or  are  migrating  out  from  the  territorial 
zone,  and  were  found  after  seven  to  twelve  moutha  in 
relatively  deep  water. 
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Experiment     1,     Ist    February,     190  6. 
Station :    Between   Great   Ormes  Head   and  Conway 
Bar  Buoy. 

Fiah  caught  in  fire  hauls  between  Bed  Wharf  Bay 
and  N.  Constable  Buoy. 

Analysis  of  Sizes  of  Fish  Liberated. 
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:  9i 

4  miles  N.W.  from  Great 
Onnea  Heul.  U  fatha. 

6/8/06 

6 

lOi 

i  IT 

L7II) 

Gonwav  Bay,  5  fathoms. .. 

13/1 l/0( 

10 

«i 

X.W.  from  firent  Orrac. 

15  fathomj.. 
Off  Croat  Orniea  Head... 
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3/6/W 

4 

i!  IT 
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N.N.W.   from   Uverpool 
Bw    Ugbt    Ship,     17 
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No  decided  conclusion  can  be  drawn  from  the  results 
of  this  experiment.  It  will  be  seen  from  the  results, 
which  are  represented  on  Chart  II.,  that  four  of  the  fishes 
returned  have  travelled  to  the  North.     Six  were  found  in 


the  R«fl  Wliarf  Bay  area,  while  two  have  gone  to  the 
"Weatern  District,  one  being  found  in  Holyhead  Outer 
Harbour,  and  one  off  Llauon  in  Cardigan  Bay. 

Experiment    2,     19th     February,    1906. 
Station :     Near    No.    1    Buoy,    Entrance    to    Wyre, 
Fleetwood. 

Piah  caught  in  RiverB  Lune  and  Wyre. 

Analysis  or  Sizes  ok  Fish  Libesated. 
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Experiment  2  shows  again  the  decided  contrast 
between  the  winter  alongshore  and  the  summer  offshore 
migrations.  The  results  are  shewn  on  Chart  II.  by  black 
circles.  Remembering  that  the  lines  connect  the 
station  of  liberation  with  the  points  of  recapture  of  the 
fishes,  we  see  that  the  fishes  recaught  fall  into  two  well- 
marked  groups — (1)  a  group  of  eight  fishes  recaught 
within  the  first  three  months  after  liberation,  that  is 
before  the  end  of  May,  and  (2)  a  group  of  five  fishes 
recaptured  from  five  to  ten  months  afterwards.  The 
former  fishes  were  all  recaught  in  the  shallow  waters  in 
Morecambe  Bay  and  in  the  Ribble  and  Mersey  Estuaries 
by  stake-nets,  "  tees  "  and  second  class  trawlers ;  while 
the  latter  fishes  were  recaptured  in  relatively  deep  and 
distinctively  offshore  waters  by  first  class  vessels.  It 
must  be  pointed  out  that  the  straight  lines  and  arrow- 
heads do  not  in  this  latter  case  represent  the  actual  paths 
followed  by  these  fishes.  Probably  all  those  liberated 
immediately  moved  into  inshore  waters,  where  some  were 
caught,  and  then  after  a  sojourn  there  of  two  or  three 
months  the  remnant  migrated  offshore,  where  a  further 
proportion  were  recaptured.  Two  recaptures  are  not 
shewn  in  the  chart.  One  of  the  fishes  was  found  off  the 
coast  of  Wexford,  in  Ireland,  and  the  other  on  the 
South  Coast  of  Ireland.  This  latter  fish  had  in  two 
months  made  a  migration  of,  at  the  very  least,  170 
nautical  miles.  Two  other  fishes  were  caught  offshore 
(by  steam  trawlers)  after  ten  months,  but  the  exact  locality 
cannot  be  traced. 


Experiment  3,  20th  February,  1906. 

Station :  Bahama  Bank. 

Fish  caught  on  **  shoals ''  and  in  *'  Hole.*' 
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Experiment  3  gives  no  uaeful  resultB.  It  will  be 
noticed  (see  Chart  II.,  circles  with  a  horiKontnl  Hue)  that 
two  of  the  flounders  originally  caught  in  Manx  offshore 
waters  were  recaptured  in  the  Duddon  and  in  Morecambe 
Bay.  The  plaice  recaptured  were  all  found  in  offshore 
waters.  Two  of  these  latter  fishes  could  not  be  traced 
with  certainty. 

Experiment    4,     2l8t     February,     1906. 
Station  :  \  mile  N.W.  from  Puffin  Island. 
Fish  caught  on  Bahama  Bank. 

AnalysI!)  of  Sizes  of  Fikii  Liberated. 
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The  fishes  liberated  in  this  experiment  were  a  few 
which  had  been  kept  on  board  the  "Jobn  Fell"  while 
making  a  passage  from  Isle  of  Man  to  Red  AVharf  Bay. 
They  were  caught  on  Bahama  Bank  and  liberated  off 
Fufiin  Island.  The  number  of  recapiures  is  too  small  to 
enable  any  conclusion  to  be  made. 


Experiment    5,    5th    March,    1906. 

Station:    7   miles   W.N.W.    from   Blackpool   North 
ir. 
Fish  caught  in  Rivers  Lune  and  Wyre. 

Analysis  of  Sizes  of  Fish  Liberated. 
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Experiment     7,     -lOth     March,     190  G. 
Station  :  Blackpool  Closed  Ground. 
Fish  mostly  caught  in  Luof  Hay  and  kept  in   Pie! 
tanka  tlurinjj  winter. 

Analysis  of  Sizk.s  of  Fish  Liberated. 
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Paeticulars  of  Fish  Retuened. 
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Experiments  5  and  7  may  be  considered  together. 
Experiment  5  was  made  with  fish  which  were  caught  in 
Morecambe  Bay,  in  the  Lune  and  Wyre  Estuaries.  They 
were  liberated  off  Blackpool  Closed  Ground,  a  closely 
adjacent  area.  Experiment  7  was  made  with  a  number 
of  plaice  and  dabs  which  had  been  kept  at  Piel  Hatchery 
during  the  previous  winter.  It  is  the  custom  to  turn 
these  fish  out  in  Barrow  (-hannel  at  the  end  of  the 
spawning  season,  and  we  thought  it  might  be  useful  to 
mark  and  liberate  some  of  these  fish.  Only  two  out  of 
twenty-eight  fishes  liberated  have  been  returned  (see 
Chart  III.,  circles  with  suj>erposed  crosses).  Probably 
the  cause  of  this  poor  result  is  that  the  fish  were  possessed 
of  little  vitality,  and  the  operation  of  marking  was  fatal 
to  most  of  them. 

Experiment  5,  however,  gives  the  usual  i*esult.  Two 
groups  of  fishes  may  be  distinguished  (Chart  III., 
circles) — (1)  six  fishes  which  travelled  into  Morecambe 
Bay  and  the  Kibble  Estuary,  these  were  all  recaptured 
within  four  months  after  liberation;  and  (2)  six  fishes 
recaptured  from  oit'shore  waters  five  to  six  months  after 
liberation.  Of  the  fishes  making  the  inshore  migration, 
three  were  flounders  and  two  brills.  Of  those  making  the 
offshore  migration,  probably  at  a  later  date,  two  were 
large  brills  and  the  I'est  were  plaice. 
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Experiment    8,     Hist     March,     1906. 
Station:  4  miles  W.  by  S.  from  Enrrow  Iron  Works. 
Fish  caupht  on  same  ground. 

Analysis  of  Sizes  ov  Fish  Liiiii:r.\T£D. 
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Experiment    9,     9tli     M«y,     190  6. 
Station:   3  miles  S.  from  Piel  Gas  Buoy. 
Fish   taken   fnira   Piel   tanks,   originally   caught  in 
Barrow  Channel. 

Akaltsis  of  Sizes  of  Fish  Libf.rated. 
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Experiments  8  and  9  may  be  considered  together. 
Experiment  8  was  made  with  plaice,  flounders  and  dabs 
caught  off  Duddon  Bar  and  liberated  in  a  closely  adjacent 
place.  Experiment  9  was  made  with  part  of  the  stock  of 
spawning  flounders  kept  at  Piel  Hatchery  and  liberated 
annually.  These  fish  were  mostly  caught  in  Barrow 
Channel.  They  were  marked  in  the  Hatchery  and 
liberated  near  the  entrance  to  Barrow  Channel. 

The  results  of  Experiment  8  (Chart  III.)  indicate  the 
usual  two  groups  of  recaptures.  Four  plaice  and  four 
flounders  travelled  inshore  towards  Moreeambe  Bay  and 
the  Duddon,  and  six  were  recaptured  within  the  first  three 
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months  after  liberation.  On  the  other  band,  five  (four 
plaie«  and  one  flounder)  were  found  in  ofEahore  waters 
from  four  to  nine  nmnths  afterwards. 

Experiment  0  (Cbart  III.)  iiidieatee  an  inshore 
migration  of  flounders  in  the  early  summer.  Xut  only 
did  all  tbe  recaptures  of  flounders  taken  out  from  Fiel 
take  place  in  Morecambe  Bay  and  in  the  Duddon,  but 
four  flounders  caught  outside  Walney  and  liberated  there 
made  the  same  migration.  The  small  numbers  of 
flounders  dealt  with  do  not  justify  any  attempt  to 
construct  the  migration  paths  of  this  (ish,  but  evidence  of 
an  inshore  movement  in  the  late  spring  or  early  summer 
appears  to  be  forthcoming.  All  the  flounders  recaptured 
from  the  last  experiment  were  fish  in  very  tine  condition. 
Without  exception,  -all  were  feeding  greedily  on 
LamelHbranch  molluscs  (Tellinu  ncrobicularM,  Mactra) 
when  recaptured. 


Experiment    6,     (i  t  h     March,     1906. 
Station :  Colwyn  Bay. 

Fish  caught  in  Colwyn  Bay  and  in  Conway  Bay,  two 
hauls. 

Analysis  of  Sizes  of  Fish  Libek.\te]j. 
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This  experiment  did  not  yield  very  notable  reBults. 
Xone  of  the  dabs  or  flounders  liberated  have  been 
recovered  so  far,  and  the  movements  of  the  plaice  which 
were  recaught  do  not  show  any  uniformity. 


Experiment    10,     12th     June,     1906 


Station  :  Off  Nelson  IJuoy. 
Fiah  caught  off  Nelson  Buoy. 


Analysis  of  Sizes  of  Fish  Liberated. 
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Experiment     15,     9th     July,     1906. 
Station:  n  miles  N.  from  Livpr^wiol  liar  Lifrlitsliip. 
Fish  rau^ht  near  NpIsou  Buoy. 

Analysis  of  Sizes  ov  Ftsii  Libkkateu. 
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Both  Experiments  10  and  15  have  given  good  results, 
the  former  shewing  50  per  cent,  and  the  latter  20  per 
cent,  of  recaptures.  They  may  conveniently  bo  considered 
together,  as  the  fish  wei'e  caught  on  the  same  gi-ound ; 
the  stations  of  liberation  are  close  together,  and  there  waa 
only  a   month   between   dates   of   the   two   experiments. 
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Bearing  in  mind  that  the  fishes  were  liberated  at  about 

the  time  of  midsummer,  we  should  expect  to  find,  if  the 

results  of  the  experiments  already  discussed  hold  good, 

that  an  offshore  migration  would  be  exhibited.     A  glance 

at    Chart    IV.,    where    the    positions    of    recaptures    are 

roughly   plotted,    will   shew   that  these  experiments   do, 

indeed,  confirm  the  results  already  obtained.     Most  of  the 

fishes  returned  were  recaptured  during  the  three  months 

following  liberation,   that   is  during  the  time  when   we 

should  expect  to  find  the  offshore  migration  in  progress. 

It  will  be  seen  that  there  is  practically  no  alongshore  or 

inshore  migration.     Only  three  fishes  have  entered  the 

territorial   waters.       No.   LL171,   from   Experiment   10, 

immediately  on  being  liberated  hurried  off  inshore,  and 

was  caught  on  the  same  day  in  a  stake  net  on  Birkdale 

shore.     No.  LL270,  from  Experiment  15,  also  travelled 

inshore,    and    was    recaught    at    the  entrance    to    Horse 

Channel  by  a  second-class  trawler.     Finally  No.  LL1T8, 

from  Experiment  10,  went  inshore,  and  was  caught  off 

Iloosebeck  by   a   second-class   trawler.     But,   with   these 

exceptions,  there  is  a  well-marked  offshore  migration  to 

be   observed,   the  majority  of  the  fishes  returned  being 

recaught  to  the  West  of  the  place  of  liberation.  Nelson 

Buov.     Onlv  one,  No.  LL20-5,  went  far  afield,  and  was 

recaught    by    a    Douglas    steam    trawler    S.8.E.    from 

Maughold  Head.     So  far  as  has  yet  been  observed,  none 

of  these  fishes  has  made  the  lengthy  migrations  of  which 

several  instances  have  been  noticed. 


Experiment  11,  lath  June,  lUOG. 

Station :    Off'  Pwllheli  beach,  Tremadoc  Bay. 
Fish  caught  off  Pwllheli  beach  and  off  St.  Tudwall 
Islands. 


AiTALYSis  OF  Sizes  of  Fish  Libekated. 
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Experiment    lf>,    l:>fh    July,     1900. 
Station :  Off  Penkilan. 
Fish  cauf^ht  off  Penkilan. 

Analysis  of  Sises  of  Fish  Libek,ited. 
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Experiments  11  and  16  may  be  considered  together, 
since  the  times  and  stations  of  liberation  were  much 
the  same.  Neither  experiment  has,  apparently,  been 
successful.  Last  year  (1905)  several  marked  plaice  were 
recaught  in  Tremadoc  Bay,  and  it  was  thought  desirable 
to  fish  there  and  mark  a  number  of  fish  during  the  last 
summer.  Accordingly  91  plaice  caught  near  Pwllheli 
were  liberated  in  June  and  July,  but  so  far  only  four  of 
these  have  been  returned.  One,  No.  LL217,  was  recaught 
in  almost  the  same  place  where  liberated,  but  the  other 
three  have  made  rather  long  journeys.  One  was  caught 
in  Dublin  Bay  about  live  months  afterwards,  having 
crossed  the  deep  water  of  the  Irish  Channel,  and  two  came 
^orth  into  Lancashire  waters,  one  being  recaught  in 
Bed  Wharf  Bay  and  the  other  in  the  Ribble  Estuary. 
These  two  latter  cases  and  another  are  the  onlv  instances 
noticed  so  far  of  plaice  coming  North  from  the  Welsh 
Bays  into  Liverpool  Bay,  though  the  reverse  migratioa 
ha«  been  observed  many  times  already. 

This  paucity  of  recaptures  is  not  to  be  attributed  to 
the  fact  that  the  amount  of  fishing  in  Cardigan  Bay  has 
been  less  than  usual.  Capt.  David  Pritchard,  the  Head 
Bailiff  at  Pwllheli,  writes  me  as  follows: — **  In  my 
opinion,  plaice  have  shifted  for  a  time  from  the  usual 
fishing  ground  in  Tremadoc  and  Cardigan  Bays.  Our 
fleet  of  15  small  trawlers  have  been  fishing  at  Tremadoc 
Bay  and  at  Eilan  Grounds,  and  only  one  marked  plaice 
has  been  landed  here.  It  is  true  that  there  were  only  two 
Southport  trawlers  in  our  bay  last  summer  (190G),  as 
against  22  the  year  before,  but  the  plaice,  turbot 
and  brill  were  very  scarce  last  summer  (1906). 
There  have  been  several  large  trawlers  at  work  in 
Cardigan  Bay  during  the  last  two  months,  landing  their 
fish  at  Pwllheli,  but  a  very  small  quantity  of  plaice  were 
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landed  here,  and  no  marked  ones.  There  has  been  a  fair 
percentage  of  soles,  but  hardly  any  plaice  to  compare  with 
former  years." 

I  think,  then,  the  cauee  of  the  apparent  failure  of 
these  experiments  is  that  a  dispersal  of  the  plaice  present 
in  TremadoG  Bay  in  June  and  July  has  taken  place. 

Experiment    12,    14th    June,    190(). 

Station  :  2^  miles  off  Llanrhystyd. 

Fish  caught  from  New  Quay  to  Aberaron. 

Analysis  of  Sizes  of  Fisii  Liberated. 
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It  will  be  seen  that  tiie  plaice  recovered  from  this 
experiment  were  all  caught  quite  near  to  the  place  where 
liberated  and  within  the  territorial  waters.  One  was 
recaught  by  the  Aberystwyth  first  class  trawler  AB71,  aud 
fh«  others  by  the  Southport  second  cluss  trawler  LL04^. 
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Experiment     14,     16th     June,     1906. 
Station :  Ynys  Fach,  Cardigan  Bay. 
Fish  caught  off  Aberporth  Bay. 

Analysis  of  Sizes  of  Fish  Libebated. 
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Experiment     l-'J.     16th     -In  no,     1906. 
Station :  2  miles  K.N.E.  from  Dinus  Head. 
Fish  caught  off  Diiias  Head. 

AsAi-y.sis  OF  Sizes  of  Fish  Li]iKB.iTKn. 
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ExperimentB  13  and  14  were  made  in  the  Milfoid 
HaTen  Sea  Fishery  District  during  a  police  visit  to  those 
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waters  by  the  "  John  Fell."  It  was  intended  to  carry  out 
a  aomewhat  extensive  fish-marking  experiment  cm  this 
cruise,  but  a  report  of  poaching  by  a  steam  trawler  (which 
was  detected)  porapelled  Oapt.  'Wignall  to  change  our 
proposed  plans. 

The  recaptures  reported  shew  no  unusual  features. 
They  were  mostly  made  South  of  the  places  of  liberation. 
Fishing  there  in,  of  course,  more  extensive  than  (o  the 
immediate  North. 

Experiment     17,     19th    September. 

1906. 
Station  :  Red  Wharf  Hay. 
Fish  raught  in  Red  "Wharf  Bay. 

Anai-tsis  of  Sizes  of  Fish  Libkbatkii. 
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It  will  be  seen  that  quite  a  number  of  recaptures  were 
made  shortly  after  the  date  of  this  experiment.  I 
expected  that  a  large  proportion  of  these  fishes  would  be 
recaught,  but  after  the  second  month  none  has  been 
caught.  The  cause  is  probably  the  wild  weather  of 
November  and  December,  which  has  not  onlv  aflfected  the 
fishing,  but  has  also  probably  led  to  considerable  shifting 
of  the  fishes  normally  present  on  the  fishing  grounds.  We 
find  that  heavy  gales  have  this  effect  on  the  shallow  water 
fishing  grounds  on  the  West  Coast  of  England. 


Experiment     18,     :Jrd     October.     190  6 

Station :  Luce  Bav. 
Fish  caught  in  Luce  Bay. 

Analysis  of  Sizes  of  Fish  Liberated. 
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This  experiment  was  made  while  trawling  in  Luce 
Bay  for  spawning  plaice  for  Piel  Hatchery. 
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Intensity  of* Fishing. 

The  Summary  Table  shews  that  about  19  per  cent,  of 
the  plaice  and  19  per  cent,  of  all  the  fishes  liberated 
during  the  year  have  been  recovered.  Of  course,  several 
of  the  experiments  were  made  late  in  the  season,  and 
many  more  recaptures  will  doubtless  be  made.  A 
considerable  number  of  dabs  were  also  marked  and 
liberated,  and  these  have  given  poor  results.  The 
individual  experiments  vary  greatly  in  their  numerical 
results.  Experiment  10,  for  instance,  gives  50  ]>er  cent,  of 
returns  for  six  months*  fishing  only,  while  Experiment  7 
for  nine  months'  fishing  gives  only  9  per  cent,  of 
recaptures.  Many  factors  influence  the  numerical  result 
of  these  fish-marking  experiments.  In  Experiment  10 
the  fish  had  not  apparently  become  widely  dispersed,  and 
were,  moreover,  liberated  at  a  place  which  is  situated  near 
the  widely-frequent-ed  fishing  ground  lying  between 
Liverpool  North-West  and  Morecambe  Bay  Lightships. 
Experiment  7  failed  probably  because  the  fish  marked 
were  in  poor,  condition,  and  had  not  been  able  to  survive 
the  transference  from  tank  to  tank  and  the  subsequent 
marking  operation.  Again,  Experiments  11  and  16  were 
apparently  unsuccessful  because,  for  some  reason  or  other, 
the  fish  marked  have  probably  become  widely  dispersed, 
possibly  into  areas  w^here  there  is  at  present  little  or  no 
plaice  fishing  being  carried  on. 

Premising,  then,  that  by  **  Intensity  of  fishing  "  is 
meant  only  a  very  rough  approximation  to  the  extent  to 
which  the  plaice  po])ulation  of  the  AVest  English  seaboard 
is  being  exploited,  and  that  for  even  an  approximate 
estimate  of  this  value  much  more  extensive  marking 
experiments  than  we  have  made  would  be  required,  I 
give  the  figures  in  the  last  column  of  the  Summary  as 
representing  these  approximatiojis, 
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Inft.uence  of  Different  Kinds  of  Fishing. 

It  was  not  always  possible  to  obtain  information  as  to 
the  method  of  fishing  by  means  of  which  the  marked 
fishes  were  recaught.  The  following  list  has  been 
compiled  from  the  tables  of  particulars  of  fish  recaught :  — 


Method  of  Fishing. 

No. 

of  Marked  Fish 
Returned. 

Ist  clmss  salting  trawlers 

64 

2nd  class  salting  trawlers 

37 

Stake  nets   

23 

8t44m  trawlers 

16 

Baalks  

7 

Gill  nets 

7 

"  Set  nets,"   "  trammels,"  '*  tees," 

nets. 
Information  not  given. 

lines, 

salmon 

5 
8 

It  will  be  noticed  that  fishing  by  means  of  first  class 
trawlers  (smacks)  apparently  predominates  in  the  "  home 
grounds  "  of  the  Irish  Sea.  The  proportions  between  the 
various  methods  of  fishing  by  means  of  which  the  marked 
fishes  have  been  recaught  are  almost  exactly  those 
compiled  from  the  experiments  of  1905. 

Rate  of  Growth  of  Pi^\ice  in  the  Irish  Sea. 

In  attempting  to  deduce  the  rate  of  growth  of  plaice 
from  the  marking  experiments,  two  series  of  figures  are 
made  use  of — (1)  those  indicating  the  increase  in  length 
of  the  marked  fish  which  were  set  free  before  the 
beginning  of  the  season  during  which  growth  takes  place, 
that  is  April-September.  The  defect  in  this  series  is  the 
small  number  of  recaptures  during  the  latter  half  of  the 
year.  It  has  been  found  during  the  two  last  years  that 
even  if  a  fairly  large  number  of  marked  fishes  have  been 
liberated  before  the  end  of  March,  quite  a  small  proportion 
will  be  recaught  during  the  autumn  and  winter.     One 
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cause  is  probably  the  decrease  in  the  intensity  of  the 
plaice-fishery  during  the  months  of  September-December. 
Marked  plaice  are  usually  recaught  by  sailing  trawlers, 
and  the  unfavourable  weather  usually  experienced  during 
October  to  December  is  prejudicial  to  the  fishery.  It  will 
be  seen  from  the  statistics  of  plaice  landed  in  the 
Lancashire  and  Western  Fisheries  District  that  there  is 
an  undoubted  falling  off  in  the  intensity  of  the  plaice 
fishery  during  those  months.  Consequently,  fewer  marked 
fishes  are  recaught. 

The  following  table  is  compiled  from  the  results  of 
the  experiments  of  1905  and  1906 : — 

Bate  of  Gbowth  of  Masked  Fishes  from  Month 

TO  Month. 


Month. 


January  . 
February  . 
March    .... 

April 

May  

June 

July  

August  .... 

September 

October 

November. 

December 


No.  of  Fishes 
Recaught. 


Average  Increase  in 
Length. 


0*04  inches  (0*1  cm.) 


(0-1  cm. 
(0-4  cm.) 
(0-6  cm.) 
(1-34  cm.) 
(2-36  cm.) 
(4-33  cm.) 
(4-33  cm.) 
(6-12  cm.) 
(6-12  cm.) 
(6-1  cm). 


The  results  are  represented  graphically  in  Fig.  8. 

It  will  be  seen  from  the  table  and  chart  that  the 
growth  during  January,  February  and  March  is 
practically  nil.  Indeed,  the  months  October,  November 
and  December  are  also  to  be  included,  since  a  large 
number  of  the  fishes  included  in  the  table  for  January 
were  liberated  in  the  preceding  October  and  November  of 
both  years,  and  some  were  recaught  during  those  months. 


Fig.  8.    Curve  of  growth  of  marked  plaice. 
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It  was  only  in  a  very  few  cases  that  any  increase  in 
length  was  detected  in  fishes  liberated  during  October- 
December  and  recaught  in  January.  In  April  the 
season's  growth  begins,  and  this  is  most  rapid  during  the 
months  June,  July  and  August.  It  will  be  seen  that  the 
increase  in  length  during  August  was  apparently  nH, 
That  is  the  average  length  of  the  marked  fishes  returned 
during  that  month  (and  which  had  been  in  the  sea  during 
the  whole  season)  was  apparently  no  great-er  than  those 
returned  during  July.  I  am  quite  certain,  however,  that 
this  is  only  apparent,  and  that  the  fishes  received  in  the 
laboratory  during  August  were  uniformly  under- 
measured.  The  measurements  were  made  by  a  laboratory 
assistant  during  my  absence.  It  is,  indeed,  not 
usually  a  simple  affair  to  measure  a  marked  plaice  sent  by 
post.  The  fish  is  often  dry,  and  has  to  be  relaxed  by 
immersion  in  water  for  some  hours.  Then  a  dead  plaice 
is  always  shorter  than  a  living  one  (probably  because  of 
the  contraction  or  compression  of  the  inter- vertebral 
discs).  This  can  be  corrected  by  slightly  stretching  the 
fish,  and  the  contraction  usually  varies  from  0*5  to  1  cm. 
according  to  the  size  of  the  fish. 

It  is,  however,  quite  legitimate  to  "  smooth "  the 
curve,  which  then  shows  what  is  probably  a  little  less 
than  the  normal  rate  of  increase  in  length  of  plaice  from 
month  to  month  throughout  the  year.  In  October 
growth  practically  ceases.  Plaice  during  the  months  of 
November-January  usually  have  very  little  food  in  their 
stomachs,  and  many  are  entirely  empty  during  December 
and  January.  During  those  months  the  weight  of  the 
fish  decreases.  Altogether  the  metabolism  of  the  animal 
is  greatly  lessened. 

The  annual  rate  of  increase  in  length  as  shewn  by 
the   curve  is,   therefore,   about   2\   inches.     The   annual 
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growth  has,  however,  been  measured  in  another  way. 
Quite  a  number  of  marked  plaice  have  been  recovered 
which  have  experienced  a  whole  Beason'e  growth,  regarding 
the  growth  season  as  ending  at  the  end  of  September,  and  the 
l>articularB  of  growth  of  these  are  tabulated  as  follows :  — 

PAHTICULAKS  OF  FiSllBS  WHICH  IIAVK  UNDEaGONE  OxE 

OR  More  Comi-lete  .Seasons'  Growth. 


Date  when 

Date  when 

Increuein 

nze  (inchM). 

liberatai. 

recaught. 

LIO* 

12/11/04 

12/11/06 

7-25  (2  KPaHUD 

„■  growth). 

L162 

12/11/04 

3/12/05 

5-25 

L24E 

19/11/04. 

7/2/06 

4 '5 

LS52 

18/11/04 

28/2/06 

1'5 

U87 

18/11,04 

12/11/06 

6'35  (2  HBaaon 

k'  growtli). 

L288 

18/11/04 

4/0/06 

6'5  (nearly  2 

casoiiB'  ifrowth). 

law 

18/11/04 

3/10/05 

1-75 

L341 

13/11/0* 

28/10/05 

2'76 

L346 

13/1 1/M 

3/11/06 

3-5 

IA4* 

21/1/05 

19/10/05 

362 

L.503 

17/3/05 

7/12/05 

2-25 

1.622 

17/3/05 

lfl/U/03 

3-0 1 

L628 

6/7/06 

10/7/06 

4-01 

LMl 

6/7/05 

17/B/06 

5-75  (over  1 

oasonV  growth). 

L587 

12/7/05 

7/7/Ofl 

1-75 

1.713 

1/2/06 

2I/B/06 

2 

L716 

1/2/06 

13/11/06 

3-0 

1.721 

1/2/06 

30/0/06 

2-75 

L760 

lB/2/06 

28/11/06 

3-11 

jjez 

19/2/06 

28/ii/oa 

2-86 

LB48 

22/7/05 

20/9/08 

3-3 

L904 

26/10/06 

26/9/06 

3-2S 

1*138 

26/10/06 

27/9/06 

2-6 

LLlfl 

6,'3/06 

26/11/06 

0-75 

LL20 

6/3,-06 

5/11/06 

1-0 

ULS9 

6/3/06 

9/12/08 

LL104 

31/3/06 

23/11/06 

2-2S 

AYerage:  8-01  inches  (=  7-6  oms.)- 

Several  fishes  exhibiting  a  complete  season's  growth 
have  been  received  since  the  above  table  was  compiled. 
The  results  do  not,  however,  alter  the  general  growth  rate 
already  deduced. 

Twenty-seven  Eshes    are     represented,     and    this    in 
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probably  a  sufficient  number  to  yield  a  fair  average.  In 
calculating  this,  However,  the  total  increase  has  been 
divided  by  29  instead  of  27,  since  two  of  the  fishes  have 
undergone  two  seasons*  growth.  One  has  slightly  over 
one  season's  growth,  but  this  may  be  neglected.  The 
average  thus  obtained  is  almost  exactly  three  inches. 

This  is  rather  more  than  the  result  given  by  the 
former  table,  but  it  must  be  remembered  that  the  latter 
probably  under-estimates  the  rate  of  growth.  If  a  larger 
number  of  marked  fishes  had  been  recovered  in  September- 
November,  the  growth  would  no  doubt  have  been  greater. 
But  it  is  also  probable  that  the  results  of  the  second  table 
slightly  over-estimate  the  year's  growth.  The  fishes 
represented  have  all  been  in  the  sea  for  over  the  average 
length  of  time  between  marking  and  recapture.  They 
are,  therefore,  probably  more  vigorous  fish  than  the 
others,  and  may  have  grown  more  rapidly.  Their  average 
initial  length  was  also  a  little  more  than  the  others. 

At  any  rate  the  difference  is  not  great,  and  one  may 
conclude  that  in  the  Irish  Sea  plaice  grow  about 
2f  inches  in  the  year.  This  applies  to  fish  which  are 
initially  of  the  ordinary  smaller  marketable  sizes,  viz., 
8  to  10  inches. 

It  should  be  noted,  too,  that  considerable  variation  in 
growth  rate  exists.  Thus  plaice  No.  LL19,  after  a  whole 
season's  growth,  had  increased  only  f-inch  in  length.  On 
the  other  hand  plaice  No.  L152,  after  a  season's  growth, 
had  increased  in  length  5^  inches.  Both  cases  are  of 
course  extremes,  and  are  quite  abnormal. 

The  otoliths,  or  earstones,  of  about  half  the  marked 
plaice  recovered  have  been  examined,  with  the  object  of 
determining  the  ages  of  the  fishes.  It  is  well  known  that 
the  calcareous  matter  in  these  structures  is  laid  down 
regularly,  so  that  every  year  after  the  first ,  two  distinct 
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rings  an  opaque  zone  and  a  translucent  zone  are  added  to 
the  otolith.  By  counting  the  number  of  opaque  rings,  it 
it  possible  to  arrange  the  fishes  in  the  groups  0,  I.,  II., 
III.  and  IV.  according  to  the  number  of  these  zones 
outside  the  dark  nucleus  of  the  otolith.  Of  the  total 
number  of  marked  plaice  returned  66  have  been  examined 
in  this  way,  and  may  be  grouped  as  follows : — 

0  Group  (in  the  ficst  year  of  life] 
I.        „      (      ,,      second 
II.        „      (      ,,      third 

III.  ,,      (      ,,      fourth  „ 

IV.  „      (      ,,      fifth      „ 

The  numbers  examined  are,  of  course,  much  too 
small  to  enable  a  satisfactory  estimate  of  the  size  of  the 
fishes  at  each  year  to  be  made.  I  give  the  averages 
calcidated  for  what  they  are  worth :  — 

Females  in  Group  II.,  average  length  =     9*3  inches. 


>j 


>> 


» 


)» 


>> 


» 


0- 
3 

34 
22 
12 


»» 


>> 


9J 


»> 


III., 
IV., 


»» 


91 


=  12-2 
=   14 


Fish  Caught  in  Extka-Tereitokial  and  Intra- 

Teeeitorial  Waters. 

There  were  almost  exactly  as  many  marked  fish 
recaught  outside  as  in  the  territorial  waters.  Such  a 
statement  possesses,  however,  no  significance  since,  if  it 
is  the  case  that  an  offshore  migration  takes  place  in  the 
summer  months  and  an  inshore  and  alongshore  migration 
in  the  winter  months,  it  obviouslv  follows  that  the 
numbers  of  marked  fishes  caught  inside  and  outside  the 
territorial  limits  depends  on  the  time  of  year  at  which 
most  of  the  marked  fishes  were  liberated.  If  we  mean  by 
winter  *'  the  months  October  to  March,  and  by 
summer  *'    the   months   April    to  September,    we   theu 


(< 
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find  that  613  plaice  were  liberated  in  the  "  winter " 
months  of  1904-5,  and  217  were  liberated  during  the 
**  summer "  months.  During  the  year  1906  about 
72  per  cent,  of  the  fishes  recovered  were  recaught  within 
territorial  waters,  and  about  28  per  cent,  were  caught 
outside  the  territorial  limits.  Thus  the  result  of  these 
experiments,  in  which  nearly  three  times  as  many  fishes 
were  liberated  during  the  winter  months  as  during  the 
summer,  is  that  nearly  three  times  as  many  fish  were 
caught  within  the  territorial  as  without.  On  the  other 
hand,  in  1905-6,  290  plaice  and  flounders  were  liberated 
in  the  winter  months  and  354  plaice  and  flounders  in  the 
summer  months,  and  we  find  that  in  these  experiments, 
when  the  liberations  during  the  two  seasons  were  not  far 
from  being  equal  in  number,  the  number  of  fishes 
recaught  outside  is  very  nearly  equal  to  those  recaught 
inside  the  territorial  waters. 

With  regard  to  the  size  of  the  fishes  recaught,  these 
have  not  so  far  been  tabulated  so  as  to  bring  out  any 
relation  between  depth  of  water  and  length  of  fish.  It 
will  be  better  to  let  these  observations  accumulate,  and 
then  make  this  analysis  when  quite  a  large  number  of 
marked  fishes  have  been  recovered.  Generally  speaking, 
fishes  which  at  the  time  of  marking  and  liberation  were 
the  largest  have  travelled  furthest.  Large  fishes  have, 
of  course,  more  vitality,  and  it  is  undoubtedly  the  case 
(with  certain  well-known  exceptions)  that  the  plaice 
caught  outside  territorial  waters  are  larger  on  the  average 
than  those  caught  inside.  But  as  regards  the  proportion 
of  fishes  caught  inside  as  compared  with  those  caught 
outside  the  technical  territorial  water  limit,  the  main 
factor  is  the  opposing  offshore  and  inshore  migrations, 
which  depend  more  on  the  seasons  than  on  the  mere  size 
of  the  plaice. 
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General  Conclusions. 

1. — P  ercentage     of     fish     recovered. 

This,  as  the  Summary  Table  shews,  varies  from 
50  per  cent,  to  4  per  cent,  in  the  case  of  plaice,  taking 
each  experiment  by  itself.  The  causes  of  the  difference 
in  the  percentage  of  fishes  recorded  are  (1)  the  intensity 
of  fishing,  as  for  example  in  the  case  of  Experiment  10, 
where  an  active  fishery  was  carried  on  during  the  summer 
months  over  the  area  immediately  contiguous  to  the  place 
of  liberation ;  (2)  on  the  method  of  dispersal  of  the 
marked  fishes,  as  for  instance  in  Experiments  11  and  16, 
where  the  marked  fishes  liberated  have  probably  been 
widely  dispersed  into  areas  where  little  trawl  fishing  is 
carried  on ;  and  (3)  on  the  vitality  of  the  marked  fishes, 
as  for  instance  in  Experiment  5,  where  (as  in  the  case  of 
Experiment  12  of  1905)  plaice  were  marked  which  had 
been  for  many  months  kept  in  tanks,  and  were  in  poor 
condition. 

2. — ^I  nfluence     of     methods     of     fishing. 

First-class  sailing  trawlers  have  recaught  more 
marked  plaice  than  any  other  class  of  vessel  or  fishing 
method.  There  is  little  doubt  that  in  the  Lancashire  and 
North  Welsh  Fishing  Grounds  this  method  of  trawling 
predominates,  at  least  for  the  "  home  waters."  The 
steam  trawlers  have  caught  fewer  fishes,  but  it  is  well 
known  that  these  vessels  go  much  further  afield  and  do 
not  frequent  the  grounds  where  the  marked  fishes  may  be 
expected  to  be  recaught  to  the  same  extent  that  the 
smacks  do. 

3. — R ate    of    growth. 

The  estimates  of  the  rate  of  growth  of  marked  fishes 
constructed  on  the  results  of  the  experiments  of  190G  agree 
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well  with  those  of  1905.  Plaice  practically  do  not  grow 
at  all  during  the  months  October  to  March.  At  the  end 
of  the  latter  month  growth  begins.  During  the  months 
noted,  any  apparent  increase  in  size  of  the  plaice  returned 
is  probably  due  as  much  to  errors  in  measurement  as  to 
actual  growth.  At  the  end  of  March  we  begin  to  notice 
an  increase  in  length,  and  during  April,  May  and  June 
the  fish  steadily  increase  in  length.  During  July  and 
August  the  growth  is  most  rapid,  and  during  September 
it  begins  to  fall  off,  and  in  October  the  plaice  have  ceased 
to  grow.  An  estimate  of  the  rate  of  growth  based  on  the 
study  of  a  curve  constructed  from  these  monthly  incre- 
ments of  growth  gives  us  a  value  of  about  22  inches 
(6'J  centimetres)  as  the  yearly  growth  rate  of  the  plaice 
in  the  waters  of  the  Irish  Sea  East  of  the  Isle  of  Man  and 
adjoining  the  coasts  of  Lancashire,  Cheshire  and  North 
Wales. 

But  when  the  increments  of  grow^th  indicated  by  the 
fishes  which  have  been  recovered  after  one  or  more  years' 
sojourn  in  the  sea  are  tabulated,  the  average  growth  rate 
works  out  at  almost  exactly  3  inches  (7*6  centimetres).  A 
sufficient  number  of  fishes  have  been  recaught,  after  being 
about  a  year  in  the  sea,  to  render  this  estimate  a  very 
probable  one.  At  the  same  time  it  should  be  noted  that 
these  are  the  larger  and  more  vigorous  fishes  (as  is 
indicated  by  their  more  lengthy  migrations),  and  that 
they,  therefore,  grow  perhaps  more  rapidly  than  the 
others  which  have  remained  closer  to  their  original 
habitats. 

The  cessation  of  growth  in  the  colder  months  of  the 
year  is  not  necessarily  connected  in  any  way  with  the 
spawning  habits  of  the  fishes.  The  great  majority  of  the 
marked  fishes  recaptured  were  immature  fishes,  and  one 
cannot,  therefore,  attribute  the  cessation  in  growth  in  the 
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winter  to  the  maturation  of  the  reproductive  organs. 
There  is  undoubtedly  a  decrease  in  the  metabolism  of  the 
fish  during  the  cold  weather.  It  does  not  feed,  or  does  so 
to  a  very  slight  extent,  during  the  months  of  December 
and  January,  and  the  weight  of  a  plaice  of  a  certain 
length  is  always  less  in  the  winter  than  the  weight  of  a 
fish  of  the  same  length  in  the  summer. 

4. — ^T  he    migrations. 

It  should  be  noticed  that  many  instances  of  quite 
exceptional  migrations  are  recorded  in  the  tables.  Thus 
fishes  liberated  off  the  coast  of  Lancashire  have  been 
recaptured  off  the  East  and  South  Coasts  of  Ireland,  and 
fishes  liberated  in  the  same  area  have  also  been  recaught 
at  the  mouth  of  the  Bristol  Channel.  These  lengthy 
migrations  would  not  surprise  us  if  they  were  made  by 
actively  growing  fishes  like  the  cod  or  hake,  or  pelagic 
fishes  like  the  mackerel,  but  one  is  accustomed  to  speak 
of  the  plaice  us  a  semi-sedentary  fish.  Leaving  aside 
these  exceptional  migrations,  the  results  of  this  and  last 
year's  experiments  shew  with  some  probability  that  plaice 
in  our  waters  do  not  move  about  in  the  winter  to  the  same 
extent  that  they  do  in  the  summer,  and  that  the  winter 
migrations  are  mostly  alongshore  ones,  with  perhaps  a 
general  trend  to  the  North  along  the  coasts  of  Cheshire 
and  Lancashire.  In  the  summer,  on  the  other  hand,  the 
migration  is  an  offshore  one.  There  are  evidences  of  a 
tendency  to  the  southward,  and  in  the  exceptionally 
lengthy  migrations  already  referred  to,  it  is  generally 
this  southerly  migration  that  is  made.  While 
plaice  have  been  observed  to  travel  from  the  coasts  of 
Lancashire  and  North  Wales  into  Tremadoc  and 
Cardigan  Bays,  the  opposite  migration  has  only  been 
observed  in  two  instances. 
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It  should  also  be  noted  that  plaice  are  not  of  necessity 
restricted  to  comparatively  shallow  waters.  The  opinion 
of  most  fishermen  and  others  is  that  outside  the  20-f athom 
contour  line  plaice  are  hardly  to  be  found,  and  no  doubt 
this  is  largely  true.  But  the  fish  does  migrate,  at  least, 
through  waters  of  much  greater  depth  than  this,  for  we 
have  found  that  thev  mav  cross  the  Irish  Channel,  which 
nowhere  has  a  depth  of  less  than  about  50  fathoms,  and 
one  plaice  (L541,  Experiment  14,  1905)  was  actually 
caught  by  a  steam  trawler  in  water  of  57  fathoms  AV.S.W. 
from  the  Smalls  Light. 

Evidence  that  the  marking  operation,  if  carried  out 
carefully  on  a  vigorous  plaice,  has  no  effects  which  are 
prejudicial  to  the  normal  movements  and  growth  of  the 
fish  is  afforded  by  several  plaice  which  have  been 
recaught  after  a  considerable  lapse  of  time.  No.  L104 
was  taken  after  exactly  two  years  had  elapsed  since  the 
time  of  liberation :  this  fish  had  grown  7^  inches. 
Xo.  L287,  too,  was  recaptured  after  being  almost  exactly 
two  years  in  the  sea :  it  had  grown  6J  inches ;  and 
No.  L288  was  also  retaken  after  very  nearly  the  same 
interval,  and  was  6|  inches  larger  than  when  marked. 
All  these  fishes  passed  through  my  hands,  and  their 
condition  was  that  of  normal  well-nourished  fishes,  while 
the  wound  caused  by  the  afiixed  mark  was  clean  and  not 
much  larger  than  when  initially  made.  Then  quite  a 
number  of  fishes  have  been  returned  after  having  been  in 
the  sea  for  periods  of  from  9  to  15  months,  and  with  few 
exceptions  normal  rates  of  growth  were  exhibited. 
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Explanation  of  the  Charts. 

The  charts  are  to  be  regarded  as  exhibitmg  objective 
representations  o!  the  migrations  of  the  fishes.  Except  in 
Chart  I  it  has  not  l)een  attempted  to  express  synoptically 
these  migrations.  Probably  the  accumulation  of  several 
years*  results  will  enable  this  to  be  done.  In  the  meantime 
it  is  best  to  indicate  the  facts  only. 

The  lines  connecting  the  stations  of  liberation  with  the 
places  of  recovery  do  not,  of  course,  necessarily  indicate  the 
migration  paths. 

It  was  often  difficult  to  be  sure  of  the  exact  position  of 
recapture.  Depth  of  water,  for  instance,  as  given  on  an 
Admiralty  chart,  often  does  not  agree  with  the  recorded 
position  of  recapture.  It  is  perhaps  nearly  always  the  case 
that  there  may  be  an  error  of  from  one  to  several  miles  in 
the  recorded  place  of  recapture,  since  a  fish  may  be  caught 
at  any  point  of  a  haul  (which  may  be  from  2  to  24  miles  in 
length). 
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U     INTERNAL     PARASITES    AND    DISEASED 

CONDITIONS    OF    FISHES. 

By  Jas.   Johnstone. 

1.  CESTODA. 

2.  TBEMATODA. 

3.  PBOTOZOA. 

4.  CATARRHAL   CONDITIONS   IN   DAB 

AND  SALMON  PARR. 

I.— CESTODA. 
Abothrium  rugOBum  (Ooeze). 

From  Gadus  callarias.  This  is  Bothriocephalus 
rugosus  (Goeze)  Rudolphi  =  van  Beneden's  Ahothrium 
gadi. 

About  a  dozen  large  cod  were  dissected  last  winter, 
and  this  cestode  was  invariably  found.  Sometimes  there 
were  as  many  as  a  dozen  large  worms  in  each  fish.  The 
head  of  each  cestode  is  implanted  in  a  pyloric  caecum,  in 
such  a  manner  that  it  is  impossible  to  extricate  it.  I 
repeatedly  dissected  these  structures  with  the  greatest 
care,  but  was  never  able  to  find  anything  resembling  a 
typical  bothriocephaline  scolex  and  I  do  not  think  that 
this  structure  exists  in  the  mature  stages  of  the  worm.  A 
portion  of  the  anterior  end  of  the  strobila  is  buried  up  in 
a  caecum  and  when  the  walls  of  the  latter  are  picked 
away  bit  by  bit  with  dissecting  needles  all  that  remains 
is  a  contorted,  homy  or  waxy-looking,  thick  filament. 
The  walls  of  the  caecum  undergo  profound  change  and 
become  semi-transparent  and  waxy,  sometimes  horny,  in 
nature.  Sometimes  the  anterior  end  of  the  cestode  has 
perforated  the  lateral  wall  of  the  caecum  and  lies  outside 
the  latter  as  a  contorted  kind  of  cord.  It  is  possible  to 
pick   away   this   investment  and   then   the  greatly   con- 
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tracted  strobila  is  seen  inside,  but  without  any  trace  of 
segmentation.  As  one  attempts  to  dissect  out  the  latter^ 
one  finds  that  it  gradually  becomes  fused  with  the  sur- 
rounding waxy  tissue  which  is  probably  derived  from  the 
caecum,  and  invariably  the  structure  breaks.  Von 
Linstow*  describes  the  worm  as  having  a  pseudo-scolex 
with  two  slightly  developed  sucking  grooves  and  figures 
such  a  head,  from  the  intestine  of  Lota  vulgaris,  as  a 
normal  structure.  Probably  in  young  codling,  recently 
infected,  a  stage  of  the  cestode  with  such  a  scolex  might 
be  found  but  doubtless  with  increasing  age  the  changes 
mentioned  above  occur,  and  the  normal  structure  of  the 
head  disappears. 

The  lumen  of  the  gut  immediately  behind  the 
stomach  may  at  times  be  almost  blocked  by  the  strobilae 
of  these  cestodes.  The  largest  specimen  found  was  85  cm. 
in  total  length  and  about  8  mm.  in  breadth  at  its 
widest  part.  This  worm  was,  however,  incomplete.  The 
older  proglottides  contained  fully  developed  oncosphere 
larvae  belonging  to  a  later  stage  than  Schauinsland's 
Fig.  8.  (Bronn,  Thier-reich,  Bd.  4,  1  B,  PI.  LVII,  Fig.  8.) 
These  larvae  have  a  fully  developed  mantle.  They  are 
from  90  to  120  fi  in  diameter.  The  undeveloped  eggs 
from  the  less  ripe  proglottides  are  much  smaller,  and  are 
about  30  fx  in  diameter. 

Eohinobothrium  aflSne,  Diesing. 

From  Raia  elavata,  Shoals,  1906. 

A  single  specimen  of  a  small  cestode,  preserved  from 
the  contents  of  the  spiral  val^e  of  a  large  thornback  ray, 
appears  to  belong  to  this  species.  The  worm,  however, 
differs  in  certain  respects  from  both  Echinohothrium  typus 
and  E.  affme.    Fig.  9  represents  the  scolex,  neck  and  the 

•  Arch.  f.  Naturgesch.,  64  Jahrg.     1888,  Bd.  I. 


172 

first  few  pro)^]ottiiles,  and  Fig.  11  a  part  of  the  n€ck  with 
some  typical  spines.  Mensurements  from  this  sJiifilc 
specimen  are:  — 


Fio.  9.  Echituibothrium  affine. 
Dieting.    Head  and  ^rt  of 


Length  of  head :  1'3  mm. 

Breadth  of  head:  0*36  mm. 

Length  of  a  spine  from  the  neck ;  O'l  mm. 

Breadth  of  a  spine  from  the  neck:  O'Oo  mm. 
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A  notable  difference  from  the  descriptions  of  either 
of  the  above  specimens  is  the  absence  of  coronal  hooks. 
In  both  E.  typus  and  E.  affine  there  are  two  groups  of 
long,  slightly-curved  hooks  on  the  two  muscular  lobes  of 
the  scolex.  In  my  specimen  no  trace  of  these  was  seen. 
I  think  it  probable,  however,  that  these  spines,  or  hooks, 
have  been  lost  in  detaching  the  cestode  from  the  walls  of 
the  intestine.  Very  distinct  indications  of  a  musculature 
which  might  easily  serve  for  producing  movements  of 
the  coronal  spines  are  visible. 

The  neck  is  long  and  the  spines  there  are  well  shown. 
Four  longitudinal  rows  can  be  seen  when  the  worm  is 
slightly  flattened  out.  These  spines  differ  slightly, 
however,  from  the  figures  of  van  Beneden,*  or  Wagener.t 
The  summit  of  each  hook  (Fig.  10  )  is  triradiate,  these 
transverse  pieces  being  bent  or  slightly  twisted.  The 
shaft  of  the  spine  itself  is  very  slightly  curved. 

CaUiobothrium  esohrichtii,  van  Beneden. 

From  Mtistdus  vulgaris,  Llandudno  Bay,  1906. 
A  small  male  Mustdits  examined  had  numerous 
cestodes  on  the  walls  of  the  spiral  valve.  Each  strobila 
was  about  8  mm.  to  1  cm.  in  total  length  and  consisted 
of  comparatively  few  (about  half-a-dozen)  proglottides. 
In  addition  to  these  strobilae  there  were  very  many 
detached  proglottides  in  the  lumen  of  the  large  bowel, 
most  of  which  belonged  presumably  to  the  cestode  referred 
to  here.      Measurements  are:  — 

Length  of  strobila :  8  mm.  to  10  mm. 

Length  of  terminal  proglottis :  about  3*5  mm. 

Length  of  first  distinct  proglottis:   0*6  mm. 

Length  of  scolex :  1*2  mm. 

Breadth  of  scolex:   1  mm. 

Ghreatest  length  of  hooks :  0*08  mm. 

*     Mem.  BUT  lee  Vers  Intestinaux,  1858 ;  pi.  19. 

t     See  Bronn'8  Thier-reioh,  Bd.  4,  1  B,  Taf.  xl.,  fig.  1. 

u 
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The  neck  is  very  short     The  whole  gtrobila  immediately 
breaks  up  on  preservation  in  formalin. 

Fig.  11b  represents  the  Bcolex  and  fig.  11a  a  pair  of 
hooks.     I  find  the  size  and  appearance  of  the  accessory 


sucker  at  the  summit  of  the  scolex  differs  somewhat  from 
Tan  Beneden's  fig.  *,  but  the  precise  appearance  of 
cestode  worms  when  preserved  varies  so  much  that  the 

*  Fauna  littorale  de  Belgique.    Vers  CestoideK,  pi.  xii. 
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differences  are  perhaps  to  be  attributed  to  the  action  of 
the  preBervative.  The  hooks  are  large  and  very  notice- 
able. They  are  not  bifurcated,  but  lie  in  pairs  with  their 
broad  bases  in  close  contact.  One  is  only  slightly  curved, 
but  the  other  is  strongly  bent.  Delicate  focussing  shews 
that  these  structures  are  hollow. 
Anthobothriam   mnsteli,  van  Beneden.* 

From  Muslelttt  viUffaris,  Llandudno  Bay,  1906. 

About  aix  specimens  of  a  cestode  which  appears  to  be 
the  above  species  were  found  in  the  large  intestine  of  a 
small  Mtutdut.     The  characters  differ  slightly  from  those 


FlO.  19.     Anlhobolhrium  mittUli.     Soolax.     x   16  dia. 
given  by  van  Beneden,  so  I  add  a  description  and  figure. 
The  measurements  of  the  worm  are :  — 

Length  of  longest  strobila  (incomplete) :  32  mm. 

Diameter  of  scolex :  1'3  mm. 

Diameter  of  a  bothrium :  1'3  mm. 

Diameter  of  auxiliary  sucker:   01  mm. 

Length  of  a  free  proglottis :  6  mm. 

Breadth  of  a  free  proglottis :  2'5  mm. 
•  Vera  CoBtoidBB,  p.  136.  pi.  7. 
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The  scolex,  which  is  represented  in  fig.  12  is  large 
and  very  regular  in  shape,  suggesting  a  four-petaled 
flower.  There  is  no  myzorhynchus.  There  are  four  long 
mobile  pedicels,  each  of  which  carries  a  shallow  cup- 
shaped  bothrium — this  is  never  trumpet-shaped.  The 
internal  margins  of  the  bothria  have  thickened  rims  with 
a  notch  in  the  middle,  but  the  external  margins  are  very 
thin.  On  the  internal  margin  of  each  bothrium  is  a  small 
auxiliary  sucker,  which  is  not  conspicuous  and  may  easily 
be  overlooked.  In  the  centre  of  each  bothrium  is  an 
irregular  rosette-shaped  patch,  which  appears  to  represent 
a  radial  arrangement  of  muscle  bands,  such  as  is 
represented  in  van  Beneden's  figure  3,  but  the  precise 
disposition  of  the  muscle  bundles  shown  there  does  not 
appear  in  my  specimens.  Round  this  is  an  annular  band 
of  muscles. 

TetrarhynohuB  erinaoeuB,  van  Beneden. 

An  interesting  addition  to  the  intermediate  hosts  of 
this  tapeworm  is  the  Halibut,  Hippoglossus  vulgaris.  Two 
specimens  of  pieces  of  halibut  flesh  were  sent  to  this 
laboratory  from  the  Board  of  Agriculture  and  Fisheries. 
In  one  case  the  flesh  was  abundantly  infested  with  the 
plerocercoid  larvae  of  the  cestode,  and  in  the  other  case  a 
similar  infection  had  taken  place,  but  the  larvae  were 
restricted  to  the  muscles  round  the  vertebral  column. 
The  cysts  containing  larvae  were  ususually  large,  and 
were  usually  present  in  tubular  cavities  in  the  muscle 
tissue.  Many  larvae  were  in  process  of  disintegration, 
and  in  some  cases  the  cyst  contained  nothing  but  a  mass 
of  calcareous  granules.  Usually  plerocercoid  larvae  of 
T.  erinaceus  are  adherent  to  the  peritoneum  and  projecting 
into  the  body  cavity,  and  the  general  infection  of  the 
flesh  is  apparently  a  rare  condition. 
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2.— TREMATODA. 


Distomam  ooreatam,  Molin. 

From  stomacli  of  Conger  vulgaris ;  top  end  of  "  Hole  " 
(□early  midway  between  Douglas  and  Fleetwood). 


Fra.  18.     Dislomum  o 
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In  the  caecal  part  of  the  stomach  of  a  conger  eel 
about  five  feet  long  over  100  specimens  of  this  distomid 
were  found.  The  worms  while  alive  were  blood-red  in 
colour.  The  size  was  variable :  when  dead  after  killing 
in  fresh  water  they  were  from  5  mm.  to  about  2' 5  mm. 
in  length.  The  anterior  extremity  in  this  state  is  usually 
bent  ventrally  towards  the  ventral  sucker.  The  following 
measurements  relate  to  a  specimen  which  had  been  killed 
in  an  expanded  condition  by  slight  pressure  between  two 
glass  slides. 

Total  length :  8  mm. 

Greatest  breadth  :  2*25  mm. 

Diameter  of  oral  sucker:   0*88  mm. 

Diameter  of  ventral  sucker:  0*92  mm. 

Diameters  of  ova :  0*024   x   0*013  mm. 

The  species  is,  doubtless,  near  Distomum  ocreatum  of 
Molin,  but  the  characters  of  the  appendiculate  Distomids 
with  suckers  of  nearly  equal  size  do  not  appear  to  be 
very  well  marked,  so  I  add  the  following  description. 

The  suckers  are  very  nearly  equal  in  size,  the 
ventral  being  usually  only  very  slightly  the  larger  of  the 
two.  The  mouth  is  sub-terminal  and  lying  very  near  to 
the  pharynx.  There  is  no  distinct  oesophagus  and  the 
intestine  passes  transversely  across  the  body  without  any 
distinct  fork.  In  life  the  rythmical  movement  of  this 
transverse  portion  of  the  intestine  is  very  well  marked. 
Successive  peristaltic  movements  pass  outwards  from  the 
junction  of  intestine  and  pharynx,  towards  the  lateral 
curves  of  the  former  with  great  regularity,  and  the  food 
contents  are  throughout  the  first  half  of  the  length  of 
each  intestinal  ramus  in  a  state  of  constant  agitation. 
The  intestinal  rami  do  not  descend  into  the  appendix — at 
least  not  in  the  specimen  figured :  in  other  specimens, 
however,   the  opposite   appeared   to  be  the   case.       The 
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appendix  is,  at  the  greatest,  about  one-third  of  the  entire 
length  of  the  animal.  It  is  very  retractile  and  easily 
ruptured  by  undue  pressure. 

The  characteristic  serrations  on  the  margins  of  the 
body,   due  to  plications   of    the   skin,   were    not    clearly 

The  main  excretory  channels  are  two  ducts  which 
curve  round  from  the  anterior  part  of  the  body  and  meet 
behind  the  ventral  sucker,  then  pass  down  the  mid 
line  of  the  body  to  the  termination  of  the  appendix  as  a 
single  channel. 

The  ovary  is  situated  about  half-way  between  the 
extremities,  ventrally  and  a  little  to  one  side,  and  is  nearly 
spherical  in  shape.  Immediately  posterior  to  it  are  the 
vitellaria.  There  are  two  principal  lobulated  masses. 
In  the  specimen  figured  there  are  three  lobes  on  one  side 
and  four  on  the  other.  At  the  anterior  extremities  the 
two  vitelline  masses  are  connected  together  by  a  short 
bridge  of  tissue  and  from  this  a  short  duct  connects  with 
the  ovary.  The  shape  of  the  vitellaria  is  far  from 
being  constant,  and  little  value  can  be  placed  on  the 
extent  to  which  each  lateral  mass  is  lobulated.  In  some 
specimens  the  sub-division  was  very  much  less  than  in 
the  figure. 

Over  the  middle  part  of  the  vitellaria  was  a  rounded 
structure  which  is  apparently  the  receptaculum  seminis. 
Neither  in  preparations  of  the  entire  worm  nor  in  section, 
however,  could  the  exact  relations  of  this  structure  with 
the  vitellaria  and  oviduct  be  made  out. 

The  uterus  in  some  specimens  is  very  voluminous. 
In  no  case  did  it  descend  into  the  appendix.  It  is 
aggregated  on  the  side  of  the  body  opposite  to  the  ovary 
and  vitellaria.  The  ova  are  very  uniform  in  shape,  and 
the  diameters  (0*025   x   0*013  nun.)  agree  very  well  with 
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the  figures  given  by  Linton  for  the  distomid  identified  by 
him  as  Molin's  Z>.  ocreatum. 

The  testes  are  small,  rounded  bodies  situated  one  on 
each  side  of  the  ventral  sucker,  and  fairly  remote  from 
the  ovary.  The  vasa  efferentia  curve  round  to  one  side  of 
the  ventral  sucker,  and  enter  the  bursa  of  the  cirrus, 
which  lies  entirely  in  front  of  the  sucker,  but  almost  in 
contact  with  the  latter.  The  uterus  opens  externally 
very  near  to  the  male  genital  aperture,  and  apparently 
into  a  common  genital  cloaca.  Round  the  extremity  of 
the  bursa  and  the  cirrus  is  a  prostate  gland,  which, 
however,  is  not  a  very  prominent  structure.  The 
armature  of  the  cirrus  itself  could  not  satisfactorilv  be 
made  out. 

The  above  characters  are  mostly  those  of  Distomum 
oereatum,  Molin,  and  I  think  these  specimens  may  safely 
be  referred  to  this  species. 

Distomum  appendioulatum,  Eudolphi. 

From  stomach  of  whiting  (Gadus  inerlangus),  Shoals, 
March,  1906. 

One  specimen  of  an  appendiculate  distome  was  found 

in    the  stomach   of   a   whiting,   along   with   some   other 

specimens  of  a  distomid  not  yet  identified.     The  species 

is    probably    D.    appendiculatuin,    but    the    diagnostic 

characters  of  the  distomids  with  a  retractile  appendix  are 

rather  confused,  and  it  may  be  worth  while  to  give  a 

description    of    the    present    form.     The    measurements 

are:  — 

Length :  5  mm. 

Width :  1  mm. 

Diameter  of  oral  sucker:  0*17  mm. 

Diameter  of  ventral  sucker :  0'4  mm. 

Ova :  002  x  O'Ol  mm. 

Fig.   14  represents  the   animal   with   the   appendix 


Fio.  14.    DUtomum  appendiculatum.     x   ; 
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fully  expanded.  The  skin  is  almost  everywhere  smooth, 
and  only  in  one  place  shows  the  characteristic  plications. 
The  ventral  sucker  is  rather  more  than  twice  the  diameter 
of  the  oral  one,  and  is  situated  well  forward.  There  is  a 
short  pharynx  followed  by  a  very  short  oesophagus.  The 
forks  of  the  intestine  are  straight  and  cylindrical,  and 
extend  well  down  into  the  appendix.  The  ovary  is 
situated  about  halfway  between  the  extremities  and  is 
oval  in  shape.  Immediately  behind  it  are  the  vitellaria, 
which  are  two  in  number,  small  and  nearly  globular  in 
shape,  and  in  close  contact  with  the  ovary.  The  testes 
lie  midway  between  ovary  and  ventral  sucker.  They  are 
almost  globular  in  shape  and  lie  obliquely  across  the 
body.  Almost  in  contact  with  the  anterior  margin  of  the 
testis  are  the  seminal  vesicle  and  cirrus  pouch.  The 
cirrus  itself  is  long,  and  is  surrounded  for  the  greater 
part  of  its  length  with  a  compact  prostate  gland.  It 
opens  on  the  posterior  margin  of  the  oral  sucker. 
Apparently  the  female  genital  aperture  is  very  near  to  the 
male  opening,  but  it  was  not  visible  in  the  preparation. 
The  uterus  is  long  and  greatly  convoluted  in  the  region 
of  the  ovary  and  vitellaria.  Like  the  intestine,  it  extends 
well  down  into  the  appendix.  The  worm  when  alive  was 
translucent,  but  possessed  no  distinct  colour. 

Distomum  Yitellosum,  Linton. "*' 

From    Flounders    {Pleuronectes    flesus),    Piel    tanks. 

In  June,  1906,  Mr.  A.  Scott  dissected  several  mature 
flounders  which  had  been  kept  in  the  tanks  at  Piel 
Hatchery  during  the  whole  of  the  previous  winter,  and 
found    a    great    number    of    mature    distomids    in    the 

•  Linton  :  Bull.  U.  S.  Fish.  Comm.,  Vol.  10.,  1899,  p.  290,  pi.  37, 

fig  38. 


intestioes  of  sevetsl  epecimetiB.     Th«  characters  of  these 
wonnB  agree  closely  with  those  of  D.  vitdlosum,  a  species 


Fio.  16.    Dislomum  viUllMum.     x   TO  diu. 
described  by  Linton  from  the  American  hake  (Merlm 
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bilinearis),    and    I    think    it   probable   that   the   distome 
described  here  is  the  above  species. 

Measurements  made  from  a  specimen  killed  in  fresh 
water  and  preserved  in  formalin  are :  — 

Length :  2  to  2'5  mm. 

Breadth  :  0'25  to  0*6  mm. 

Diameter  of  oral  sucker:  0'23  mm. 

Diameter  of  ventral  sucker :  0'42  mm. 

Diameters  of  ova :  0*08  x  0-04  mm. 
Fig.  15  represents  one  of  these  worms  seen  rather 
from  the  side,  but  slightly  twisted.  The  skin  is  smooth 
and  without  armature;  the  body  sub-cylindrical,  and  in 
death  with  a  very  noticeable  bend  towards  the  anterior 
extremity.  The  ventral  sucker  is  very  prominent,  and  is 
situated  on  a  kind  of  protuberance.  It  is  nearly  twice  the 
diameter  of  the  oral  sucker.  The  pharynx  is  large,  and 
there  is  a  short  oesophagus — the  intestinal  forks  run 
straight  back  to  near  the  posterior  extremity.  The  ovary 
is  situated  about  halfway  between  the  extremities,  is 
globular  in  shape  and  rather  small.  Immediately  in  front 
of  it  is  the  uterus,  which  in  most  specimens  formed  a 
compact  mass  consisting  of,  apparently,  few  convolutions 
and  containing  a  comparatively  small  number  of  eggs. 
The  vitellaria  are  very  conspicuous  structures,  and  in 
many  specimens  filled  the  body,  almost  preventing  a 
proper  view  of  the  other  genital  organs.  There  are 
usually  four  bands  of  rounded,  irregularly-shaped  gland ; 
in  the  figure  these  bands  are  seen  from  the  edges,  but 
when  the  worm  is  rotated  through  90°  they  appear  to  be 
much  more  voluminous,  the  bands  then  being  seen  from 
the  flat  sides.  In  many  specimens  the  vitelline  ducts  are 
very  conspicuous,  they  run  through  the  middle  of  the 
band-like  masses  of  vitellaria,  and  join  to  form  a  trans- 
verse duct  which  runs  across   the    body.      The    ovary    is 
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sitaated  on  the  course  of  this  traoBverse  duct,  and  near  to 
it  is  a  small  rounded  body,  which  is  probably  the  recepta- 
cnlum  seminis.  The  ovary  itself  is  a  globular  structure. 
The  testes  are  two  in  number,  and  are  situated  at  about 
the  posterior  third  o£  the  body.  The  cirrus  pouch  and 
seminal  vesicle  lie  behind  the  ventral  sucker,  and  the 
cirrus  runs  forward  to  open  near  the  posterior  margin  of 
the  pharynx,  about  halfway  between  the  ventral  and  the. 
oral  suckers.  The  female  genital  aperture  is  situated  close 
to  that  of  the  male  organs. 
Ofitomam  mollissimam,  Levinsen* 

From  intestine  of  Bdone  wlgaris,  Foulney  Island, 
1906. 
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Several  small  distomids  were  sent  me  by  Mr.  A  Scott, 
who  found  them  when  dissecting  a  garfish — ^they  certainly 
belong  to  the  above  species.  The  worm  is  easily 
recognised  by  the  star-shaped  vitelline  glands.  It  is 
about  1*5  mm.  in  length,  almost  colourless  and  extremely 
fragile.  Even  the  pressure  of  the  cover  glass  is  sometimes 
enough  to  rupture  the  preserved  specimen.  The  figure 
(hg.  16)  is  constructed  from  a  specimen  preserved  in 
formalin.  Levinsen  found  his  specimens  in  the  intestine 
of  Coitus  Scorpio,  Hitherto  all  CoUi  dissected  from  the 
Irish  Sea  have  failed  to  provide  this  distome. 

Distomum,  sp. 

From  Labnis  mixtus,  Morecambe  Bay,  1906. 
Three  small  distomids  from  the  intestine  of  a  wrasse 
do  not  appear  to  answer  to  any  published  descriptions  I 
have  seen.     The  specimens  were,  however,  only  seen  after 
preservation  in  formalin,  and  it  frequently  happens  that 
the  details  of  structure  necessary  for  certain  diagnosis  can 
only  be  made  out  in  living  distomids.     Fig.  17  represents 
all  that  can  be  seen  by  staining  the  specimens  to  which  I 
refer.     The  measurements  of  the  worm  are  :  — 
Length :  1'2  mm. 
Breadth :  0*5  mm. 
Diameter  of  oral  sucker :  O'll  mm. 
Diameter  of  ventral  sucker  :  0*24  mm. 
Diameters  of  ova :  70/jl   x  50  /jl. 
The  ventral  sucker  is  thus  about  twice  the  diameter 
of  the  oral  one.     No  details  of  the  oesophagus  or  intestine 
could  be  made  out.      The  vitellaria  are  represented  by  a 
comparatively  small  number  of  rather  large,  irregularly- 
shaped  glands  distributed  throughout  the  body.     No  trace 
of  ovary  could  be  made  out  with  certainty,  so  it  is  not 
represented  in  the  figure.     The  testes  are  two  large  oval 
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bodies,  placed  well  back  near  the  posterior  extremity. 
Neither  the  ducts  of  these  bodies  nor  those  of  the  vitellaria 
were  seen.  The  cirrus  is  long,  and  apparently  unarmed. 
The  cirrus  pouch  and  seminal  vesicle  appear  to  lie 
entirely  in  front  of  the  ventral  sucker,  but  it  was  difRcult 
to    b©    sure    of    this,     A   characteristic    feature    of    the 
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anatomy  of  this  distomid  is  the  small  number  of  ova.  In 
the  three  specimens,  12,  13  and  about  24  were  the 
numbers  of  eggs  counted.  These  are  comparatively  large, 
are  thin  shelled  and  possess  no  appendages. 

In  the  characters  of  the  vitellaria,   the  position  of 
the   testes  and   cirrhue  and   the  large  size  and  limited 
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number  of  the  ova,  the  specimens  agree  with  Distomum 
oculatum  of  Levinsen.*  But  the  so-called  eye  spots  of  the 
latter  species  are  not  represented  in  my  specimens,  and 
the  size  of  the  ventral  sucker  and  the  presence  of  a 
distinct  armature  in  Levinsen's  species  render  it  unlikely 
that  the  specimens  here  described  are  D,  oculatum. 
Several  specimens  from  Bairdidla  chrysura  described  by 
Lintont  shew  a  greater  resemblance,  but  these  distomids, 
too,  do  not  appear  to  have  been  identified  with  any  known 
species. 

Derogenes  Yaricus,  (O.  F.  Miiller). 

From  pyloric  part  of  stomach  of  Whiting  (Gadus 
merlangus)  "  shoals,'*  off  Cumberland  coast,  April,  1906. 

About  half-a-dozen  small  trematodes  were  obtained 
from  the  above  host.      The  worms  were  dull  red  in  colour 
when  alive.     The  figure  (fig.  18)    is  constructed  from 
observations  made  on  the  living  worm. 
The  principal  dimensions  are :  — 
Total  length :  2  to  25  mm. ; 
Greatest  breadth  :  0*56  mm. ; 
Diameter  of  oral  sucker :  0*2  to  0*27  mm. ; 
Diameter  of  ventral  sucker :  0*4  to  0*43  mm. ; 
Diameters  of  ova:  0'055  x   0*03  mm. 
The  body  is  cylindrical,  or  very  slightly  flattened. 
The   greatest  breadth  is   in   the   region   of   the   ventral 
sucker,  where  it  is  about  one-fourth  of  the  total  length. 
From  this  region  the  body  tapers  in  both  directions  and 
the  posterior  end  is  usually  slightly  more  pointed  than 
anteriorly.       The  skin  is  quite  smooth  and  possesses  no 
spines. 

The  ventral  sucker  is  rather  variable  in  diameter, 

*  Loc.  cit. 

t  Bull.  Bureau  of   FiBberies,   Washington,  vol.  24,  1904,  pi.  28. 
figs.  168,  169. 
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but  is  generally  very  nearly  twice  the  size  of  the  oral 
sucker.  It  is  situated  rather  behind  the  middle  of  the 
body,  and  in  the  dead  worm,  usually  on  an  elevated  part 
of  the  latter.  The  openings  of  both  suckers  are  very 
nearlv  circular  in  outline. 

The  pharynx  is  small  and  oval  in  shape.  There  is 
no  distinct  oesophagus  and  no  real  undivided  section  of 
the  intestine.  From  the  pharynx  the  intestinal  rami 
pass  transversely  to  the  margins  of  the  body,  and  then 
run  back  as  wide  voluminous  vessels  to  near  the  posterior 
extremity.  In  the  worms,  after  killing  in  fresh  water, 
and  subsequent  preservation  in  formalin,  the  walls  of  the 
intestine,  when  seen  in  optical  section,  have  crenulated 
outlines. 

In  the  livini?  worms  the  excretory  svstem  is  verv 
obvious,  but  disappears  entirely  after  preservation,  and 
is  only  indistinctly  seen  on  staining  with  carmine.  The 
main  vessel  runs  transversely  across  the  body  just  behind 
the  pharynx,  then  backwards  as  two  very  prominent, 
rather  wide  vessels  forming  a  loop.  These  unite  at 
about  the  mid  transverse  line  of  the  ventral  sucker,  and 
then  pass  back  in  the  median  line  of  the  body  to  the 
posterior  extremity.  The  excretory  pore  is  situated 
terminally.       Often  at  the  summit  of  a  small  ])apilla. 

The  vitellaria  lie  far  back,  about  halfwav  between 
the  posterior  margin  of  the  ventral  sucker  and  the 
posterior  extremity  of  the  body.  They  are  rather  large 
bodies,  quite  regular  in  outline,  spherical,  or  slightly 
flattened  dorso-ventrally,  sometimes  oval  and  elongated 
in  the  longitudinal  axis  of  the  body.  They  are  made 
up  of  a  great  number  of  small  glandules,  but  the  whole 
structure  is  enclosed  in  a  distinct  capsule,  a  short  trans- 
verse duct  unites  them  and  from  this  the  vitelline  duct 
passes  forwards  to  the  ovary.     The  latter  is  a  rounded 
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structure,  lying  between,  and  anterior  to  the  vitellaria, 
and  smaller  than  either  of  the  latter  glands.  In  none 
of  the  specimens  could  I  make  out  with  certainty  the 
position  and  relations  of  a  receptaculura  seminis. 

The  testes  are  two  in  number.  Thev  are  rather 
small,  and  not  at  all  conspicuous  in  either  living  or 
preserved  specimens.  The  vasa  deferentia  cannot  easily 
be  traced;  probably  they  are  separate  and  unite  quite 
close  to  the  seminal  vesicle,  or  possibly  enter  the  latter 
independently.  The  cirrus  and  its  accessory  structures 
lie  all  in  front  of  the  ventral  sucker.  The  seminal 
vesicle  is  small  and  oval  in  shape.  From  it  the  ductus 
ejaculatorius  passes  straight  forwards  in  the  median  line 
as  an  apparently  strongly  muscular  organ,  terminating 
in  a  prominent  genital  papilla  which  is  situated  imme- 
diately behind  the  forking  of  the  intestine.  Throughout 
all  its  length,  between  the  seminal  vosiclo  and  the  genital 
papilla,  the  ductus  ejaculatorius  is  surrounded  by  a  very 
voluminous  prostate  gland. 

In  none  of  my  specimens  could  the  exact  configura- 
tions of  the  convolutions  of  the  uterus  be  made  out  with 
certainty.  It  is  voluminous  in  most  specimens  and  is 
crowded  with  ova.  These  latter  are  thick-shelled  and 
slightly  yellow  or  red  in  colour.  The  vagina  and  cirrus 
both  open  into  a  common  genital  cloaca,  situated  at  the 
8ummit  of  the  genital  pa]>illa.  The  opening  of  this 
genital  cloaca  is  in  all  my  specimens  A -shaped,  or 
crescent ic,  the  apex  of  the  V,  or  the  convexity  of  the 
crescent  being  directed  forwards. 

Most  of  these  characters  would  apply  equally  well 
to  Derogenes  minor^  Looss,*^  or  to  D.  varicus  (().  F. 
Muller).t  It  is  indeed  rather  difficult  to  make  out 
absolutely  diagnostic  differences  between  these  two 
species.        /).    minor    was    described    by    Looss    from    a 


192 

Labroid  fish  (Lahtus  morula)  taken  in  the  Bay  of  Trieste, 
and  D.  varicus  has  various  hosts,  the  latest  description 
being  that  of  Odhner,  who  found  the  Trematode  in  a 
dab  (Plenronecfes  I  i  man  da)  from  the  West  Coast  of 
Sweden.  Odhner's  sperimons  resemble  those  described 
hero  in  that  the  vitellaria  are  rounded  and  regular  in 
outline  instead  of  being  slightly  mulberry-shaped  as  in 
Looss's  species.  This  is  the  only  significant  difference 
apparent  between  the  two  species. 


III.  -PROTOZOA. 

IchthyophthlrluB  multifllilB,  Fouquet. 

Trichodina,  sp. 

In  June,  1906,  Inspector  Ilalsall  of  the  Southport 
Sanitary  Department  sent  some  roach  which  had  been 
living  in  llesketh  Lake,  Southport.  Some  little  time 
previously  an  epidemic  had  broken  out  among  the  fishes 
in  this  pond.  Only  the  roach  were  affected,  and  pike, 
perch  and  eels  living  in  the  same  water  showed  no  signs 
of  disease.  The  epidemic  produced  considerable 
mortality  among  the  roach  for  about  a  month,  but  by 
the  end  of  Tulv  it  had  run  its  course,  and  there  were  then 
thousands  of  young  fishes  in  the  lake,  all  of  which 
appeared  to  be  quite  healthy.  The  fish,  when  received 
at  the  laboratory  showed  no  apparent  outward  signs  of 
illness.  The  skin  was  bright  and  clean  and  without 
traces  of  fungus.  Dissection  showed  no  internal  lesions, 
and   smears  made  from  the  blood  and  various   organs 

•  LoobS  :  b.  Einige  Distomen  der  Labriden  des  Triesteu  Hafens, 
Centralbl.  f.  Bakteriologie,  Bd.  29,  Abth.  1,  p.  487.  1901. 

t  Odhner  :  Die  Trematoden  des  Arktiscbcn  Gebietes  ;    Tnaugnral 
Dissertation  ;  Univ.  Upsala  :  Jena,  1905. 
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skewed  that  parasites  such  as  myxosporidia  were  absent. 
The  gills  were  then  examined,  and  these  were  found  to  be 
pale  and  not  in  a  very  healthy  condition;  also  small, 
rounded  white  specks  could  just  be  seen  with  the  naked 
eye,  and  when  these  were  examined  in  detail  they  were 
seen  to  be  ciliated  infusorians.  Fig.  4,  pi.  VIII, 
represents  one  of  these  organisms.  They  varied  greatly 
in  size,  the  largest  being  about  0*75  mm.  in  length  and 
0*47  in  breadth,  and  the  smallest  about  0*3  x  0*28  mm. 
Usually  they  were  oval  in  shape,  but  some  were  quite 
round.  Their  numbers  were  not  considerable ;  in  a  small 
piece  of  gill,  from  one  of  the  smaller  fishes,  which  was 
stained  and  mounted  whole  there  were  17  parasites. 
There  were  30  double  filaments  in  this  piece  of  gill. 
In  some  other  pieces  of  gill  roughly  examined  the 
parasites  appeared,  however,  to  be  more  abundant  than  is 
stated  above.  They  lie  in  the  gill  between  the  filaments 
and  compressed  by  the  latter.  They  were  also  found  on 
the  internal  walls  of  the  operculum  and  branchial  cavity. 
The  parasite  is  completely  covered  by  fine  cilia.  The 
nucleus  is  situated  towards  one  end,  or  near  the  middle  of 
the  body,  and  is  large  and  horse-shoe  shaped.  It  is  very 
coarsely  granidar.  The  mouth  is  situated  at  the  opposite 
end  and  is  small  and  very  definite  in  outline.  A  faint, 
longitudinal  striation  may  be  observed  in  the  body. 
Ilound  the  margin,  or  rather  underneath  the  cilia,  is  an 
evident  cortical  layer.  Small  vacuoles  are  very  numerous 
iu  some  specimens. 

All  these  characters  are  those  of  Ichthyophthiriua 
mtdtifUiis,  Fouquet,  and  I  have  no  hesitation  in  thus 
identifying  the  creature.  It  is  a  skin  parasite,  which  ha>i 
been  described  as  infesting  28  or  30  species  of 
fresh- water  fishes  in  the  rivers  and  lakes  of  Germany, 
France,    Holland    and    the    United    States    of    North 
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America.*  So  far  as  I  know,  it  has  not  previously  been 
observed  in  British  waters.  The  parasite  is  always 
described  as  inhabiting  the  skin  of  the  infested  fish, 
whei"e  it  excavates  little  cavities  or  galleries  or  forms 
pustules.  These  cavities  or  pustules  may  contain  one  or 
a  number  of  individual  parasites.  A  characteristic 
spotted  appearance  is  thus  conferred  on  the  skin  of 
the  fish.  Ichthyophthirhs  reproduces  either  by  fission 
(Stiles),  or  bv  the  method  of  encvstment.  Eventuallv  the 
parasite  leaves  the  host,  and  after  swimming  about  in  the 
water  for  some  time  surrounds  itself  bv  a  cvst  wall,  when 
it  falls  to  the  bottom.  The  young  ciliated  individuals 
leaving  the  cyst  then  pass  tlirough  a  tree-swimming  stage 
and  reinfect  fresh  hosts.  It  is  by  attacking  these  free- 
swimming  forms  that  the  epidemic  in  a  tank  or  small  pond 
can  most  easily  be  fought.  It  appears  to  be  impossible  to 
destroy  the  parasites  while  living  in  the  skin  of  the  hosts, 
but  if  the  fishes  be  taken  from  the  aquarium  and  common 
salt  added  to  the  latter  with  a  copious  supply  of  fresh 
water  the  free-swimming  individuals  are  easily  killed. 
This  treatment,  practicable  though  it  may  be  on  a  small 
scale,  is,  however,  difticult  in  the  case  of  a  very  large 
pond  or  "  lake.'' 

It  is  difficult  to  say  what  the  specific  pathogenic 
action  of  the  parasite  may  be.  In  the  roach  fi-om  Hesketh 
Lake  there  was  no  general  infection  of  the  skin  -indeed 
I  could  not  detect  the  parasite  there  in  any  of  the 
specimens  examined.  Even  in  the  gills  the  numbers  were 
few,  and  it  seemed  difficult  to  believe  that  the  mechanical 
destruction  of  the  tissues  of  the  filaments  was  enough  to 
account   for   the    death    of  the   fish.     It    was,    however, 

*  There  is  an  account  of  the  parasite,  with  a  summary  of  the 
literature  by  C.  W.  Stiles  in  Bull.  U.S.  Fish.  Comm.,  vol.  13,  1893. 
pp.  178-190.  See  also  Hofer,  Handbuch  der  Fischkrankheiten, 
p.  122  ;  Munchen,  1904. 
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impossible  to  avoid  associating  tin?  pivsciue  of  the 
infusoriau  with  the  death  of  the  tish,  as  no  other  cause 
was  apparent  which  wouhl  account  for  the  large  mortality 
experienced.  It  is  just  possible  that  the  infusorian  kills 
the  fish  by  forming  a  toxine  which  is  absorbed  through 
the  delicate  epithelium  of  the  gills,  or  at  the  abraded 
surface  of  parts  of  the  latter  structures. 

Associated  with  the  Ichtfiyojyhthirii  in  some  of  the 
fishes  were  infusiorians  belonging  apparently  to  the  genus 
Trichodina.  This  is  the  well-known  ciliate  found  on  the 
common  Hydra.  The  number  of  specimens  found  were, 
however,  few,  and  in  such  bad  condition  that  the  certain 
determination  of  the  species  was  not  possible. 

LymphocystiB  johnstonei,  Woodcock. 

A  small  sole  was  sent  to  the  Laboratory  in  April  last 
by  Ur.  Masterman,  II. M.  Inspector  at  the  Board  ot 
Agriculture  and  Fisheries.  The  tish  was  raptured  off 
the  East  coast  of  England  by  a  steam  trawler,  and  sent  to 
the  officials  of  the  Board  in  a  sample  box  of  various 
fishes.  The  fish  is  an  immature  female  about  7^  inches 
ill  total  length,  and  was  apparently  healthy  and  in  gcKul 
condition.  But  the  greater  part  of  the  suii'ace  of  the 
skill  was  covered  over  by  very  small,  white,  and  spherical 
opaque  bodies  w^hich  were  evidently  parasites  of  some 
kind.  Thev  were  den»selv  scattered  over  the  ocular  side 
of  the  fish  particularly  on  the  dorsal  and  ventral  regions 
of  the  bodv.  On  either  side  of  the  lateral  line  the  skin 
was  very  nearly  free  from  them,  but,  towards  the  dorsal 
aud  anal  fins  they  became  more  densely  aggregated 
together.  On  the  fins  they  were  most  abundant,  par- 
ticularly on  the  dorsal  fin  near  the  head  and  on  the  tip 
of  the  pectoral  fin.  Here  they  formed  dense  clusters 
seated  on  most  of  the  fin-rays.     The  skin  of  the  head  was 
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densely  covered  with  these  structures;  the  tail  also  con- 
tained a  few;  the  blind  side  of  the  fish  also  showed  a 
certain  number,  but  for  lees  than  on  the  ocular  surface — 
probably  on  account  of  the  attrition  caused  by  the  fish 
creeping  over  the  surface  of  the  sand.  The  little  bodies 
in  question  were  quite  colourless,  but  very  opaque,  and 
easily  discernible  by  the  naked  eye.  ITiey  were  nearly 
spherical  in  shape;  flattened  perhaps  in  one  direction,  and 
where  they  were  closely  packed  together — as  in  the 
clusters  on  the  fins — their  shapes  were  polygonal.  Their 
average  diameter  was  about  032  mm. 


r- 


The  Hsh  had  been  pre8er\-ed  in  formuliu  and  the  skin 
aud  the  siructurcs  on  and  in  t-onnection  with  it  were  well 
preserved,  but  the  body  cavity  had  not  been  opened  and 
the  viscera  were  not  in  good  condition  for  close  examina- 
tion.      But,  apparently,  the  peritoneum  and  mesenteries 
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were  quite  free  from  the  parasites  occurring  on  the  skin. 
The  gills  were  also  free  and  apparently  quite  healthy. 

Fig.  19  represents  a  general  view  of  a  part  of  the  skin 
which  has  been  stained  with  carmine  and  cleared  in  clove 
oil.  The  parasitic  structures  are  mostly  covered  by  the 
scales.  Each  is  covered  over  by  a  thin  fold  of  epidermis. 
Usually  they  are  situated  beneath  the  posterior  margin 
of  the  scales  under  the  fold  of  epidermis  which  is 
reflected  over  the  latter.  Sometimes  they  are  apparently 
quite  free  from  the  surface  of  the  skin  and  can  easily  be 
detached  by  the  point  of  a  scalpel,  but  in  such  cases  they 
are  attached  by  a  delicate  pedicel  of  epidermic  tissue. 
In  sections  of  the  skin  taken  in  a  transverse  plane  they 
can  be  seen  lying  beneath  the  tips  of  the  spines  of  the 
scales,  which  are  then  cut  transversely. 

In  section  each  of  the  parasitic  bodies  is  almost 
certainlv  a  unicellular  structure.  It  is  surrounded  by  a 
fairly  thick,  apparently  structureless  capsule,  which 
stains  with  difficulty  and  is,  therefore,  more  easily  seen 
in  the  unstained  preparations.  Within  is  the  cell  body, 
containing  near  the  centre  an  irregularly-shaped  included 
portion  surrounded  by  a  differentiated  portion  of  the 
matrix,  which  may  represent  a  nuclear  membrane.  Within 
this  is  what  may  be  called  a  nucleus.  There  is  a  matrix 
of  finely  granular  substance  in  which  arc  usually  two  or 
more  rounded  karyosomes. 

The  cell  substance  outside  the  nucleus  stains  rather 
more  darkly  than  that  within  because  of  the  presence  of 
numerous  granules.  It  shows  no  clearly  marked  cortical 
zone,  but  round  the  {>eripheiy  are  a  number  of  reticular 
structures,  very  irregular  in  shape  and  size,  and  usually 
surrounding  a  portion  of  cell  substance  which  stains  more 
lightly  than  that  in  which  the  reticula  are  imbedded. 
Each  of  these  reticula  appears  to  consist  of  innumerable 


198 

closely  apposed  granules,  which  take  chromatic  stains 
very  easily.  Close  underneath  the  capsule,  again,  are  a 
number  of  smaller,  more  closely  aggregated  collections  of 
similar  granules,  usually  spherical,  or  nearly  so,  in  shape, 
and  staining  less  deeply  than  the  reticula  just  described. 

Most  of  the  structures  above  described  are  to  be  seen 
in  the  remarkable  sporozoan,  Lyinphocystis  johnstonei, 
described  bv  Woodcock,^  and  it  is  difficult  not  to  identify 
the  two  parasitic  structures  as  the  same  organism.  The 
mode  of  occurrence  of  the  structures  -  on  the  skin  and 
hns — is  the  same,  and  despite  the  difference  in  size  I 
regard  it  as  probable  that  in  the  case  just  described  we 
have  to  deal  with  an  invasion  of  Lymjjhocijstu  individuals, 
and  that  the  nature  of  the  host  and,  particularly  perhaps, 
the  natuix)  of  the  skin  of  the  sole-  where  we  lind  strongly 
(•tcn(»id  scales,  instead  of  the  comparatively  soft  cycloid 
structures  found  in  the  flounder  -is  the  reason  of  the 
difference  in  size.  The  difference  in  diameter,  0'ti:2  mm. 
and  1  to  1'")  mm.  in  the  sole  and  flounder  respectively, 
may  easily  be  explained  b}'  such  considerations,  and  cue 
may,  in(k»c(l,  find  many  examples  of  analogous  differences 
in  size  in  identical  parasitic  spe^'.ies  living  on  somewhat 
different  hosts. 

IV.  -DEKMAL  (  ATAKKIl  IN  SALMON  AND  UAB. 

Two  cases  of  pathological  changes  in  the  skin  of 
fishes  have  been  observed  which  do  not  appear  to  be 
referable  to  parasitic  invasions  of  any  kind.  In 
September,  190-1,  Mr.  W.  Okell  sent  me  some  salmon  parr 
caught  in  a  stream  near  Douglas  which  aj)peared  to  be 
suffering  from  some  obscure  skin  disease,  obviously  not 
due    to    Saprolcgnia.        Fish    thus    infected    were    quite 

*  In  An.  Rept.  Lancashire  Sea  Fish.  Lahy.  for  1903,  pp.  68>72, 
pL  III. 
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nbuiulant  at  this  time,  but  about  the  middle  of  October 
the  epidemic  had  greatly  subsided,  though  even  then 
about  10  per  cent,  of  the  salmon  parr  observed 
seem  to  be  infected.  The  extent  of  akin  affected  in  the 
case  of  specimens  caught  at  this  time  also  appeared  to  be 
less  than  formerly  was  the  case.  All  this  time  salmon 
parr  alone  were  infected.  Brook  trout  do  not  appear  to 
have  suffered. 

Fig.  5  (pi.  Vlll)  represents  the  tail  portion  of  one  of 
these  fish  with  a  characteristic  skin  lesion.  In  all  ca^es 
the  naked  eye  appearance  was  pretty  much  the  same  as 
that  ligured,  though  not  always  so  prominent.  In  the 
less  strongly  infected  fishes  the  skin  appears  to  be  covered 
in  places  with  a  thin,  whitish  scum,  like- felted  or  com- 
pres8e<l  cotton  wool.  This  can  easily  be  rubbed  away 
and  then  the  skin  underneath  appears  to  be  quite  normal, 
the  scales  retaining  their  usual  appearance.  Here  and 
there  this  growth  is,  however,  much  more  prominent. 
For  instance,  in  the  case  figured  there  was  a  raised 
whitish  tumour  on  each  side  of  the  body  just  above  the 
alia  I  tin.  This  growth  was  raised  about  2  mm.  above 
the  surface  of  the  skin.  It  had  usually  a  slightly 
iTcnulated  margin  and  had  surface  markings  indicating 
roughly  the  position  of  the  scales  underneath.  In  the 
case  of  some  of  these  hirger  growths,  however,  the  skin 
underneath  the  adventitious  tissue  was  disorganised  and 
the  scales  came  away  easily. 

Microscopic  examinaticm  showed  no  traces  of  a 
mycelium  so  the  presence  of  a  fungus  was  out  of  the 
question.  Neither  were  there  any  traces  of  ilyxosporidia. 
These  were  specially  looked  for  as  the  naked  eye 
appearance  of  some  of  the  fish  was  not  unlike  the  con- 
dition of  **  Beulenkrankheit  "  (Myxoboliasis).  Smears 
were  made  from  the  blood  and  from  all  the  visceral  organs, 
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and  portions  of  muscle  tissue  were  examined,  but  no 
trace  of  myxosporidia  could  be  detected.  The  gills,  too, 
were  quite  normal.  The  skin  growth  was  examined 
further  for  the  presence  of  Infusoria,  such  as  Costia. 
Cosiia  necatrij!  produces  appearances  on  the  skin  of 
various  fishes  not  unlike  that  obsei'ved  in  this  case.  In 
fact,  it  was  possible  to  eliminate  the  possibility  that 
sporozoan  or  infusorian  parasites  were  responsible  for  the 
condition.  The  possibility  that  bacteria  were  concerned 
was  also  considered,  but  a  search  for  these  was  unsuc- 
cessful, and  I  had  no  opportunity  of  examining  fresh 
material. 

Sections  of  the  skin,  including  portions  of  the  growth 
wore  then  made  and  stained  with  methyl-blue-eosin,  and 
Heidenhain's  iron  haematoxylin. 

Part  of  such  a  section  is  represented  in  fig.  1,  pi.  VIII. 
It  will  be  seen  that  the  skin  is  very  much  altered.  The 
scales  are  in  some  cases  quite  displaced,  and  may  even  be 
seen  buried  up  in  the  tissue  of  the  tumour.  The  dermis 
is  always  quite  uuaifected;  whatever  the  disease  is  it 
affects  only  the  epidermis.  This  latter  layer  is  quite 
changed.  In  a  normal  fish  it  consists  of  roughly  poly- 
hedral cells  lying  close  together,  and  contains  large 
mucus  cells  included  among  the  others.  At  the  base  is 
a  very  regular  layer  of  cubical  cells,  and  at  the  free 
surface  of  the  skin  the  epidermal  cells  become  flat  and 
horny.  The  tissue  of  the  tumour  replaces  the  epidermis, 
which,  as  a  normal  structure,  has  entirely  disappeared. 
Instead  of  it  wc  see  a  densely  compacted  mass  of  smaller 
cells.  These  are  arranged  in  aggregates  somewhat 
resembling  tubercles.  In  the  axis  of  each  tubercle  is  a 
core  of  fibrous  tissue,  with  a  structure  very  difficult  to 
determine ;  and  here  and  there  cavities  containing  groups 
of  small  bodies,  not  unlike,  in  size  and  shape,  masses  of 
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niYxoBporidian  spores.  A  small  portion  of  ihe  tumour  as 
seen  with  a  high  power  immersion  lens  is  depicted  in 
fig.  2,  pi.  VIII.  Part  of  the  core  of  one  of  the  tubercles  is 
shown  with  a  number  of  the  small  oval  bodies  referred  to. 
These  have  an  average  length  of  about  5/i.  They  stain 
denselv  with  eosiu  or  iron  haematoxvlin,  and  show  no 
obvious  structure.      They  are  not  at  all  numerous. 

The  rest  of  the  tissue  consists  of  cells  of  various  sizes, 
with  apparently  some  structureless  material  serving  as  a 
matrix.  There  are  two  kinds  of  these  cells.  One  kind 
stain  densely,  are  rather  smaller  than  the  others,  and  show 
a  definite  nucleus  The  other  kind  appear  also  to  be 
iiucdeated,  though  it  is  difficult  to  be  certain,  and  are 
larger.  Indeed  one  can  easily  say  too  much  regarding 
the  cytology  of  this  tissue,  for  the  preservative  was  only 
formalin  and  I  had  no  opportunity  of  fixing  the  thing 
properly. 

I  think  the  only  probable  explanation  of  this  con- 
dition is  that  it  represents  a  catarrh  of  the  skin,  such  a 
condition  as  is  described  by  Hofer*  as  "  Erkaltungs- 
krankheiten."  I  have  not  seen  any  such  condition  as  is 
represented  by  Hofer's  plates  VIII  and  IX,  but  the 
general  '*  turbidity ''  of  the  skin,  the  delicate  waxy  bloom 
which  he  speaks  of,  is  well  shown  in  some  of  these 
specimens.  It  appears  to  be  a  ]>aradox,  Hofer  says,  to 
speak  of  a  fish  as  catching  cold  or  catarrh ;  still  that  such 
an  ailment  should  be  experienced  by  a  fish  is  not  so  sur- 
prising as  it  at  first  appears  to  be.  In  a  cold  blooded 
animal  the  heat  regulating  mechanism,  which  is  so 
characteristic  and  important  a  feature  in  the  physiological 
economy  of  a  warm  blooded  creature,  is  conspicuoush' 
absent.  The  temperature  of  a  fish  is  always  that  of  the 
medium  in  which  it  lives,  or  only  a  very  little  higher. 

•  Handbiieh  der  Fi^chkraiikhoiten,  Munohwi.  1004,  p.  87. 
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Such  sudden  changes  of  temperature  as  a  warm  blooded 
animal  must  accustom  itself  to  are  as  a  rule  not 
experienced  by  fishes,  for  changes  in  the  temperature  of 
even  a  small  mass  of  water  such  as  a  pond  take  place 
much  less  rapidly  than  corresponding  changes  in  the 
atmosphere.  Nevertheless,  there  are  circumstances  in 
which  the  water  temperature  may  change  fairly  rapidly 
--such  as,  for  instance,  would  be  produced  by  the  quick 
migration  of  a  fish  from  one  part  of  a  small  stream  into 
another,  or  into  a  pond ;  or,  perhaps,  by  a  sudden  freshet 
in  a  small  stream  produced  by  cold  rain  or  melting  snow. 
Still  more  would  such  change  be  experienced  by  fishes 
living  in  captivity  as  for  instance  in  fish-breeding  estab- 
lishments; and  it  is  chiefly  in  relation  to  fishes  living  in 
these  conditions  that  catarrh  of  the  skin  has  been  observed 
and  studied. 

These  Manx  salmon  parr  were  then  probably  suffer- 
ing from  some  kind  of  dermal  catarrh.  Indeed  I  can 
suggest  no  other  explanation  of  the  lesions  observed. 

The  other  apparent  cases  of  dermal  catarrh  observed 
were  in  several  dabs  (Plfmonrcfes  limnndfi)  which  have 
been  taken  during  the  last  year  or  two.  One  fish  brought 
to  the  Piel  fishermen's  classes  in  April,  1000,  by  Oapt. 
Wignall  showed  the  condition  very  well.  The  fish  was 
a  mature  male  with  ripe  testes  and  apparently  in  normal 
condition.  Hut  on  either  side  near  the  tail  was  a  soft, 
white,  slightly  translucent  tumonr  not  unlike  those 
described  from  the  Manx  salmon  parr.  The  tumour  had 
a  papillated  surface,  was  about  1  cm.  in  diameter,  and 
about  2  mm.  in  height.  In  the  fresh  condition  there  was 
an  irregular  radiate  arrangement  of  blood  capillaries 
infiltrating  its  mass.  Smears  from  a  part  of  this  growth 
were  made  and  stained  bv  Romanowskv's  method,  and 
also  bv  Heideiibain's   iron  haematoxvlin.       The  blood  of 
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the  fisli  was  also  examined,  but  was  quite  normal.  Indeed, 
with  the  exception  of  the  tumour  described  no  other 
evidence  of  disease  could  be  discovered. 

The  tissue  of  the  tumour  showed  a  general  resem- 
blance to  that  described  in  the  case  of  the  young  salmon. 
But  there  was  a  much  larger  quantity  of  broken  down 
material,  of  a  finely  granular  nature,  lying  between  the 
cells.  The  latter  are  apparently  epidermal  cells  altered 
conHiderably,  staining  only  very  lightly  with 
Romanowsky,  but  deeply  with  iron-alum  haematoxylin. 
Among  these  cells  are  nests  of  bacteria  staining  well  with 
Romanowsky.  Several  of  these  are  represented  in  fig.  3, 
pl.VIII,and  it  will  be  seen  that  they  are  of  very  various 
forms.  The  long  delicate  bacillus  occurs  rather  rarely; 
it  is  about  10 /x  in  length.  Other  forms  are  short  curved 
rods  and  thick,  dumpy  ba(*illi,  most  of  which  stain  as  if 
spore  formation  were  in  progress,  \n\\  are  probably  only 
the  involution  forms  of  a  bacillus  akin  to  the  long  slender 
forms.  These  bacilli  are  not  very  numerous,  though  a  fair 
number  could  be  seen  in  every  field.  An  attempt  was 
made  from  the  fresh  tissue  to  set  up  a  cultivation  on 
nutrient  gelatine  at  ordinary  room  temperature,  but  no 
results  were  obtained.  Probably  tliey  represent  only  a 
secondary  infection  on  a  partially  broken  down  prolifera- 
tion of  the  epidermis.  The  whole  appearance  of  the  latter 
is  so  .similar  to  that  in  the  Manx  salmon  parr  that  T  am 
inclined  to  regard  this  also  as  a  case  of  dermal  catarrh. 
A  mechamical  injury  is  out  of  the  (piestiou  as  the  skin 
underneath  was  almost  normal  and  no  traces  of  infection 
by  a  sporozoan  or  other  parasite  could  be  detected. 
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ON  A  MYXOSPOBIDIAN   INFECTION  OF  GADUS 

ESMARKII. 

Bv  .Tas.  Tohnstoke. 

WITH   A    NOTE   ON    THE    IDENTIFICATION   OF 

THE  PARASITE. 

By  H.  M.  Woodcock,  D.Sc,  Lister  Institute  of 

Preventive  Medicine. 

I. 

In  1889  Giinther*  first  recorded  the  presence  of  the 
Norway  Pout,  Gadus  esmarkii,  in  British  waters.  This 
fish,  previously  known  only  in  Scandinavian  waters,  was 
noted  bv  Gunther  in  the  Firth  of  Clvde,  and  in  some  of 
the  Western  Scottish  Lochs,  at  depths  varying  from  26 
to  80  fathoms.  Speaking  of  the  characters  of  the  fish 
Gunther  says,  '*  Many  of  them  suffered  from  a  singular 
affection  of  the  eve,  namely  the  whole  eveball,  and  also  a 
greater  or  lesser  part  of  the  iris,  being  covered  with  cysts 
containing  a  cheesy  matter." 

Again  in  1900  Fultont  makes  a  similar  observation. 
Gadus  esmarfcii,  belonging  to  the  so-called  Scottish  and 
Scandinavian  types,  was  found  by  him  in  the  Northern 
part  of  the  North  Sea,  where  it  appears  to  be  fairly 
abundant,  and  in  the  Firth  of  Clyde.  Fulton  says  that 
"  a  very  large  proportion  of  those  taken  in  the  Firth  of 
Clyde  had  one  or  both  eyeballs  affected  in  the  manner 
described  by  the  author  named  [Gunther],  (the  cysts, 
however,  containing  fine  granules)  but  no  specimen  from 
the  North  Sea  was  observed  to  be  so  affected." 

In  March  of  1906,  a  Norway  Pout  was  caught  in  a 

•  Proc.  Roy.  Soc.  EdinbuiKb,  vol.  16,  1889,  p.  212. 

f  Rept.  Scottish  Fishery  Board,  19,  pt,  3,  1900,  pp.  282-4. 
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shrimp-trawl  worked  in  shallow  water  near  Morecambe, 
and  sent  to  me.  This  specimen  had  both  eyes  affected 
in  the  manner  described  by  Giinther  and  Fulton. 

These  are  the  only  instances  of  this  affection  of  the 
eye  which,  so  far  as  I  am  aware,  have  been  observed. 
Although  the  fish  has  been  known  for  a  long  time  on  the 
coasts  of  Scandinavia,  and  has  since  been  found  on  most 
of  the  coasts  of  the  British  Isles,  the  eye  parasites  have 
only  been  found  on  the  West  Coast  of  Britain.  Probably 
the  specimen  found  at  Morecambe  is  one  of  many  which 
have  migrated  into  the  Irish  sea  through  the  North 
Channel.      • 

Fig.  1,  pi.  IX  represents  the  head  of  the  specimen 
(twice  natural  size).  The  eye  is  perhaps  larger  than  in 
normal  specimens.  Round  the  peripheral  part  of  the 
cornea,  and  covered  losely  by  conjunctiva  are  a  number 
of  milk-white  rounded  or  oval  bodies,  from  about  1  to 
3  mm.  in  diameter.  Several  of  these  have  fused  to  form 
elongated  masses,  which  take  the  curvature  of  the 
periphery  of  the  eye.  Growing  out  from  the  lower 
margins  of  this  ring  is  a  botryoidal  mass  of  similar 
material  which  encroaches  on  the  pupil.  When  one  of 
the  eyes  was  removed  it  was  seen  that  these  adventitious 
structures  had  invaded  the  lateral  and  posterior  parts  of 
the  bulbus  oculi. 

These  structures  remind  one  of  pustules.  When 
pricked  (in  the  fresh  condition)  a  thick,  white,  pus-like 
substance  could  be  squeezed  out.  But  when  a  trace  of 
this  was  examined  under  even  a  low  power  of  the 
microscope  it  was  immediately  seen  that  the  structure  was 
a  Myxosporidian  cyst.  The  **  fine  granules  "  filling  up 
the  interior  were  spores  containing  two  polar  capsules, 
and  in  some  cases,  two  polar  filaments  were  seen  under  a 
high  power. 
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Fig.  8,  pi.  IX  represents  a  nearly  meridional  section 
of  the  wall  of  the  bulbus  oculi.  Apart  from  the  shape 
of  the  bulbus,  and  the  presence  of  the  processus  falci- 
formis  and  campanula,  the  fish  eye  does  not  differ  greatly 
from  that  of  higher  Vertebrates.  In  the  wall,  however, 
we  find  a  choroid  layer  possessing  features  solely  piscine, 
and  also  the  peculiar  argenteal  layer.  The  sclerotic 
consists  of  two  layers,  (1)  a  layer  of  cartilage,  ceasing 
some  distance  behind  the  iris :  on  the  internal  surface  of 
this  is  the  argentea;  and  (2)  a  fibrous  layer  which  lies 
external  to  the  cartilaginous  layer.  This  feature  is,  of 
course,  paralleled  among  other  Vertebra ta.   • 

The  intrusive  cysts  lie  within  the  thickness  of  the 
cartilaginous  layer  of  the  sclerotic.  This  latter  is,  of 
course,  quite  thin  in  the  normal  eye,  whereas  in  the 
diseased  specimen  the  cysts  are  sometimes  over  2  mm. 
in  diameter.  The  multiplication  of  the  Myxosporidian 
within  the  cartilaginous  sclerotic  has,  therefore,  distended 
the  latter  layer.  In  section  a  layer  of  cartilage,  some- 
times, however,  very  thin,  can  be  traced  all  round  the 
cyst.  In  other  parts  of  the  section  the  cartilage  thins 
out  and  almost  disappears,  being  either  mechanically 
stretched  or,  perhaps,  reduced  by  the  reaction  of  the 
Myxosporidian  tissues.  The  other  parts  of  the  eye  were 
apparently  quite  normal.  The  function  of  the  organ  had 
not  apparently  been  affected;  though  it  is  probable  that 
a  kind  of  cataract  might  easily  be  induced  by  the  invasion 
of  the  cornea  by  the  cyst  masses.  This  process  has 
indeed  begun  in  the  eye  figured.  J.  J. 
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II. 


Mr.  Johnstone  kindly   sent    me   a   couple  of  smears 

made    from     the    contents   of   one   of    the    cysts    above 

described,  expressing  his  opinion  that  a  Myxosporidian 

parasite  was  concerned,  and  asking  me  to  identify  it.    On 

examining  the  smears,  I  saw  that  they  consisted  entirely 

of  spores,  evidently  belonging  to  a  Phaenocystan  parasite, 

ior  two  brightly  refringent  polar  capsules  were  visible  in 

^ach.    One  of  the  slides  was  stained  with   Heidenhain*s 

^n-haematoxylin,   the  other  with  thionin.       For  some 

reason  or  other  the  first  method  did  not  prove  a  success, 

*te  stain  persisting  in  the  spore-wall  in  a  rather  blotchy 

nianner,  and    obscuring  the  contents;    while    the    polar 

^psules  did  not  retain  it  at  all.     By  the  second  method 

™  spore-wall     itself    remained    unstained,     the    polar 

^^psules  were  deeply   stained,    and   the  various   nuclei, 

though  not  retaining  the  stain  as  much  as  was  desirable, 

^^d  often  be  made  out  with  a  little  trouble. 

Two  spores  are  seen  in  fig.  2.  In  shape  they  are 
Mightly  ovoid,  their  dimensions  averaging  10  /x  in  length 
hJ  8  ^  in  breadth.  The  two  polar  capsules  (p.c.)  are 
■Jtuated  near  one  end  of  the  longer  axis;  the  length  of 
each  varies  from  3J  to  -S^  /i.  Unfortunately,  I  could  not 
W  a  single  spore  in  which  either  or  both  of  the  polar 
^psules  had  the  filament  evaginated.  This  was  a  little 
*^T)rising,  as  in  a  similarly  prepared  slide  of  another 
P^i^ite  (Sphaerospora  platessae)  which  I  have  previously 
characterised,*  the  stimulus  of  spreading  the  smear  had 
^^Bed  many  of  the  capsules  to  evert  their  filament.  So 
^*^t  I  l)Lave  not  been  able,  so  far,  to  ascertain  the  length 
^  the  filament  in  the  spores  under  discussion.  Occupying 
*  ^^^^aiderable  portion  of  the  sporoplasm  is  a  large,  well- 

*  Woodcock,  Proc.  L'pool  Biol.  Soc,  Vol.  XVIII.,  p.  140  (1904). 
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defined  vacuole  (i.v.)  which  is  invariably  present.    This  is 
the  iodinophilous  vacuole,  which  is  characteristic  of  all 
members  of  the  Phaenoeystes    belonging    to    the    family 
Myxobolidae.     The  nucleus  in  connection  with  each  polar 
capsule — the  nucleus,  i.e.,  of  the  so-called  *'  capsular  cell,'' 
or  portion  of  the  pansporoblast  from  which  each  capsule 
is  formed — is  shewn  at  {n,px,).     The  two  germ-nuclei  of 
the  undivided  sporoplasm  are  visible  at  {N).     It  may  be 
added  that,  in  one  or  two  instances,  I  could  make  out  a 
slightly  deeper-staining  line  or  thickening  just  internal 
to    the    spore-wall     on    either    side.       These     probably 
represented  the  nuclear  remains  of  those  other  portions 
or  organellae  of  the  pansporoblast,   which,    as    recently 
shewn  by  Leger  and  Hesse,*  give  rise  to  the  two  valves 
of  the  spore.     As,  however,  I  did  not  feel  quite  sure  of 
them,  owing  to  the  faintness    of    the    staining,    and    as 
neither  of  the  spores  drawn  actually  shewed  them  at  all,  I 
ha-ve  not  included  them  in  the  figui*e. 

With  regard  to  the  systematic  position  of  this  parasite 
of  Gadus  esmarkii,  the  simple  shape  of  the  spore,  lacking 
any  tail-processes,  makes  it  apparent  that  it  must  be 
included  in  the  genus  Myxobolus;  and,  further,  the 
presence  of  two  practically  equal  polar  capsules  places  it 
in  the  corresponding  section  of  this  genus.  The  dimen- 
sions of  the  spore  do  not  agree  at  all  closely  with  those  of 
any  Myxobolan  spore,  belonging  to  this  section,  which 
has  so  far  been  described.  Moreover,  up  till  now  no 
Myxosporidian  has  been  known  to  occur  in  one  of  the 
Gadidae.  Hence  it  is  most  probable  that  this  Myxobolus 
is  a  new  species,  for  which  I  propose  the  name  M.  esmarkii. 

H.  M.  W. 


*  L^er  and  Hesse,  C.  R.  Ac.  Sc.,  19tli  March,  1906. 


Lancashire  Sea  Fish  Aim  RepI, 


MYXOBOLUS    E3MARKII 
I-  Head  gf  Oodua  eamarkii  wi!h  infectft'J  eye. 
2  Spores  of  M  esmarkii 
5,  Seclion  of  ophc  bulb  wilh  infecled  sclerotic 
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ICHTHYOLOGICAL  NOTES. 
Jas.  Johnstone. 

(1)  An  hermaphrodite  hake. 

In  June  last,  Mr.  W.  Wright,  a  fisherman  who  had 
attended  the  classes  at  Piel  in  1905,  recognised  that  a 
hake  which  he  was  gutting  on  board  a  steam  trawler, 
fishing  off  the  West  Coast  of  Ireland,  was  possessed  of 
hermaphrodite  organs.  The  viscera  were,  therefore, 
preserved  in  some  spirituous  liquid  and  handed  to  Capt. 
Wignall,  who  sent  the  specimen  to  me.  In  the  course 
of  dissection,  which  is  always  a  much  more  rapid  process 
on  a  steam  trawler,  than  in  a  laboratory,  the  viscera  had 
suffered  considerably,  and  the  relations  of  the  genital 
ducts,  urocyst,  and  alimentary  canal  were  not  at  all  clear 
in  the  specimen  when  it  reached  me.  Nevertheless, 
there  is  no  doubt  that  the  organs  are  those  of  a 
hermaphrodite  hake. 

Both  ovaries  are  present.  That  on  one  side  is 
5'5  X  3'2o  cm.  in  diameter;  that  on  the  other  side  being 
6'5  X  3*5  cms.  in  the  corresponding  dimensions.  They 
are  apparently  normal  organs,  hard,  and  crowded  with 
small  ova,  and  not  dissimilar  in  structure  and  stage  of 
ripeness  to  the  ovaries  of  a  normal  hake  at  the  same 
stage  of  development  and  at  the  same  period  of  the  year. 
The  ova  are  about  0*8  mm.  in  diameter. 

At  the  posterior  end  of  each  ovary  is  a  testis.     These 

organs  have  the  shape  and  appearance  characteristic  of 

a  well-developed   gadoid   testis.        They   are   apparently 

incomplete  so  I  do  not  give  their  dimensions.       Both  are 

equally  well  developed,  and  each  is  larger  than  the  ovary 

to  which  it   is  attached.       Thev   are  convoluted   in  the 

iisual    manner    though     the    convolutions    are    not    so 
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• 

numerous  or  complex  as  in  a  normal  male  fish.  A  thick 
sheet  of  peritoneum,  loaded  apparently  with  fat,  connects 
the  two  testes..  On  cutting  open  the  ovaries  there  was 
no  perceptible  lumen,  except  at  the  posterior  end, 
where  the  substance  of  ovaries  and  testes  became  con- 
fluent. At  this  place  the  lumen  of  the  ovary  was 
continuous  with  that  of  the  proximal  part  of  the  testis. 

Cases  of  hermaphroditism  in  most  teleosts,  especially 
in  Gadoid  fishes,  are,  of  course,  very  rare.  Nevertheless, 
a  fair  number  of  hermaphrodites  have  been  described. 
The  earlier  literature  is  discussed,  and  the  instances  of 
hermaphrodite  codfish  cited  in  the  well-known  paper  by 
Howes*  on  the  **  Hermaphrodite  genitalia  of  a  codfish,''  a 
further  instance  as  recorded  by  Ramsay  Smith, t  and  other 
cases  are  recorded  by  Masterman,t  who  discusses  the 
cases  recorded  later  than  those  in  Howes'  classical  paper. 
The  specimens  figured  by  Howes  and  Masterman  were 
apparently  functional  females.  Whether  or  not  ripe 
spermatozoa  were  extruded  by  these  fishes  while  alive  is 
difficult  to  say,  but  probably  the  male  organs  were 
functionless.  In  Ramsay  Smith's  specimen  (from  a 
haddock)  the  testes  and  ovaries  were  equally  well 
developed,  but  the  former  were  relatively  larger  thaii  in 
Howes'  specimen,  where  the  testis  formed  a  small  rosette- 
shaped  structure  at  the  extremity  of  the  ovary.  In 
Masterman's  specimens  the  testes  were  small  and  there 
were  a  few  ripe  eggs  in  the  mouth  of  the  oviducts.  These 
fishes  were,  therefore,  probably  functional  females.  In 
the  specimen  now  before  me  we  have  what  is  probably  a 
functional  male  fish.  The  testes  are  well  developed 
and  there  is  free  communication  between  them  and  the 

♦Journal  Linnean  Society,  vol.  23,  1891. 

t  Rept.  Scottish  Fishery  Bd.,  vol.  9,  p.  352   1891. 

Do.  do.         vol.  12,  plates  3  and  4,  and  vol.   13, 

p.  297,  1893- 
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caTities  of  the  ovaries  and  oviducts.  If  ripe  spermatozoa 
were  extruded  these  must  have  been  emitted  through  the 
(normal)  female  genital  aperture. 

In  the  southern  Irish  Sea  the  hake  appears  to  spawn 
later  in  the  year  than  its  allies.  Holt*  found  ripe 
specimens  as  late  as  July,  and  concludes  that,  in  the  Irish 
seas,  the  spawning  period  of  the  hake  may  be  prolonged 
from  March  until  the  end  of  July.  Ewartt  found  that 
the  spawning  took  place  late  in  the  year,  and  M'Intosh 
reports  a  ripe  male  in  August  on  the  East  Coast  of 
Scotland.  Apparently,  then,  the  fish  may  spawn  about 
midsummer,  and,  if  so,  the  hermaphrodite  specimen  here 
described  was  a  functional  male — that  is  if  the  fish  were 
sexually  functional  at  all — for  the  ovaries  were  those  of 
a  fish  which  certainly  had  not  spawned  during  the  year 
when  it  was  caught,  and  apparently  would  not  have  done 
so  had  it  remained  in  the  sea.  On  the  other  hand  the 
testes  had  all  the  appearance  of  nearly  ripe  functional 
organs. 

It  was  interesting  to  note  that  two  or  three  small 
pear-shaped  bodies  possessing  all  the  structure  of  a 
testis,  were  attached  to  the  outside  of  one  of  the  ovaries 
some  distance  from  the  place  where  the  main  testicular 
mass  and  that  of  the  ovaries  joined. 

(2)  Oomard  (Trigla  gurmtrdus)  with  malformed  lower  Jaw. 

A  small  grey  gurnard  sent  me  some  time  ago  by 
Captain  Wignall  shews  an  interesting  malformation  of 
the  lower  jaw.  The  head  of  this  fish  is  represented  in 
tig.  20.  Seen  from  the  side  a  notch  appears  to  have  been 
cut  out  from  the  mouth  of  the  fish,  and  even  without 
dissection  the  peculiar  appearance  is  seen  to  be  due  to 

•  Sci.  Proc.  Roy.  Soc.  Dublin,  vol.  7,  p.  401.  189*2. 

1 7th  An.  Rept.  Scottish  Fishery  Board,   pp.  3,  196,  1889. 
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the  absence,  or  at  least  great  reduction  in  the  aize,  of  the 
lower  jaw.  The  upper  jaw  overhangs  the  month  which 
is  reduced  to  a  small  crescentic  slit  on  the  lower  side  of 
the  head;  both  jaws  are  quite  immovable.  Whatever 
food  the  fiah  obtained  must  have  been  of  very  small  size. 
There  were  no  recognisable  food  remaiuB  in  gut  or 
stomach.  Nevertheless  the  tish  appesirs  to  be  healthy 
and  in  good  condition. 


Fio.  '20.     'Irigta  gumardu).     Natural  size. 

Fig.  21  represents  the  normal  suspensorium  and  jaw 
apparatus  of  a  grey  gurnard,  and  it  will  be  seen  that  we 
have  here  the  type  which,  with  no  essential  variation,  is 
eiicouutered  among  almost  all  ttleostean  fishes.  In  the 
abnormal  skull  now  before  us  (fig.  22),  the  parts  of  the 
suspensorium  and  upper  jaw  are  essentially  as  in  the 
normal  skeleton.  The  pa lato -pterygoid  arcade  consists 
of  the  same  bones,  and  in  the  same  relationships  as  in  the 
normal  skull.  So  also  with  the  maxilla  and  pre-maxilla. 
The  palato- pterygoid  arcade  is,  if  is  true,  shifted  dorsally 
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to  a  poBition  much  nearer  to  the  ventral  surface  of  the 
skull,  and  this  is  also  the  case  with  the  bones  of  the 
upper  jaw.  But  otherwise  all  are  quite  normal.  The 
difierence  in  the  two  skulls  lies  in  the  lower  jaw.  In  the 
normal  skeleton  this  consists  of  the  usual  parts,  dentary. 
articulare  and  a  very  small  angulare,  and  is  rather 
massive.  In  the  abnormal  skull  these  parts  are 
altogether  different  and  are  much  dwarfed.  There 
is  no  apparent  angulare,  but,  perhaps  this  is 
ossified    together    with    the    articulare.        This  elemeut 


Fio.  21,     Skull  o(  Trigla  gurnardus.    Natural  «izo. 

is  not  at  all  like  the  normal  bone;  it  is  an 
irregularly  shaped  bone  the  long  axis  of  which  is  dorso- 
ventral.  On  its  posterior  surface  is  a  saddle-shaped 
articular  surface  which  receives  the  articular  knob  of  the 
quadrate.  In  front  and  a  little  above  this  is  a  socket- 
shaped  articular  surface  into  which  the  proximal  end  of 
the  lower  jaw  proper  fits.  The  latter  consists  of  an 
apparently  single  boTie,  which  is  a  flat  hoop  forming  the 
lower  margin  of  the  gape.  It  probably  is  the  fused  and 
completely  ossified  Meckelian  carlilages,  whether  or  not 
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membrane  bones  are  included  in  it  is  not  certain,  but  it 
probably  represents  only  the  two  Meckel's  cartilages. 
From  these  parts,  aod  the  articular  elements,  a  strong 
tendinous  and  muscular  sheet  of  tissue  passes  ventrally 
and  ia  inserted  into  the  hypobyal  elements  of  the  hyoid 
arch.  It  is  the  latter  which  form  the  prominent  "  chin  " 
shewn  in  fig.  20. 


Fi'i.  -22.     .Malformt-d  skull  of  Trigla  guru 


Slightly  magnified. 


Malformations  of  this  kind  are  extremely  rare  among 
Icleosteau  fiahe.s  living  in  nature.  Probably  individuals 
exhibiting  them  iire  eliminated  at  an  early  stage  of  their 
life  histoiy.  If,  as  is  probably  the  case,  the  malforma- 
tion here  described  was  developed  during  the  poet  larval 
stage  it  is  difhrult  to  see  how  the  fish  contrived  to  secure 
enough  food.  But  it  is  probable  that  the  gape  was  of 
greater  extent  in  this  stage,  and  that  the  very  contracted 
mouth  opening  was  only  developed  after  adult  growth 
had  been  attained. 
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GaduB  eBmarkii,  Nilsson. 


The  Norway  Pout,  although  by  no  means  an  in- 
frequent fish  in  British  waters,  has  not  until  the  spring 
of  this  year  been  recognised  on  the  eastern  side  of  the 
Irish  Sea.  Probably  it  is  not  uncommon  among  the 
shoals  of  small  whiting  which  at  times  frequent  the 
shrimping  grounds.  The  specimen  referred  to  here  was 
caught  by  a  shrimper  near  Morecambe,  in  March,  1906, 
and  was  sent  to  me  by  Mr.  Ed.  Gardner.  It  was  a 
gravid  female,  containing  ripe  ova.  Both  eyes  contained 
a  myxosporidian  parasite,  which  is  described  above. 


Note. — While  thiH  report  was  going  through  the  press  Mr  Ragdale, 
Chairman  of  the  Scientific  Sub-Committee,  noticed  in  the  Manchester  fish 
market  a  fine  specimen  of  Borijjr  aplendeiiH^  Lowe,  measuring  twelve  inches 
from  extremity  of  head  to  root  of  tail.  It  was  caught  off  the  S.W.  coast 
of  Ireland  in  Lat.  49'>  10'  N.  Long.  11°  W.  The  specimen  has  been 
presented  by  Mr.  \V.  Vernon  to  the  Manchester  Museum. — \V.  A.  IL 
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THE  FOOD  OF  FISHES. 
By  Jas.  Johnstone. 

Observations  on  the  food  of  comparatively  few  fishes 
have  been  made.  The  following  lists  refer  to  the 
examination  of  the  stomachs  of  114  plaice  and  146  dabs. 
The  observations  were  made  not  as  part  of  a  systematic 
scheme  for  the  investigation  of  the  food  of  fishes  in 
general,  but  rather  with  the  object  of  exhibiting  the 
contrast  between  the  food  of  plaice  and  dabs  caught  on 
the  same  fishing  ground  and  in  the  same  hauls  of  the 
net.  I  give  the  numbers  of  both  kinds  of  fish  taken  in 
the  hauls ;  the  sizes  of  the  fish  are  not  given,  but  generally 
plaice  of  9  to  12  inches  in  length,  and  dabs  of  7  to  10 
inches  were  examined.  The  contents  of  the  stomach  and 
intestines  are  given  for  each  fish  examined  and  the 
observations  relating  to  plaice  and  dabs  caught  together 
are  put  in  parallel  columns. 

1.    Plaice  and  Dabs. 

']rd  January,  1906.— Blackpool  (closed  Ground. 
Catch:  '\  plaice,  77  dabs:  — 

3  plaice  and  6  dabs  examined,  but  all  had  empty 
stomachs. 

9th  Januarv,  1906. — Beaumaris  Bay.  Catch:  146 
plaice,  109  dabs:- 

7plaice.  8     dabs. 

4 — Empty.  -^ — Empty. 

1 — vScrobicularia.  1 — Mactra. 

1 — Solen  and  Scrobicularia.  1 — Mactra  and  Crangon. 
1 — An  amphipod.  1 — Foot  of  Cardium. 

2 — Ophiurids. 
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20th  February,  190(5. 
29  dabs:  — 

7    plaice. 

4 — Solen. 

2 — Solen,  Polycliaete. 
1 — Solen,  Polychaete, 
Echinid. 


-"  Shoals."    (^atch  :  2:^  plaice, 

14     dabs. 

0 — Solen. 

1 — Solen,  Portunus. 

2 — Gonoplax. 

1-  -Nephrops. 

1-Crab. 

1 — Gephyrean  worm. 

ti — Empty. 


14th  June,  190G. 
24  dabs : 

3     plaice. 

1 — Solen,  Mactra. 

1 — Mactra. 

1 — Polychaetes. 


-Tremadoe  Bay.    Catch  :  15  plaice, 

i)    dabs. 

1 — Solen. 

1  -Solen,  Mactra. 

1 — Portunus. 

1 — Portunus,  Nereids. 

1 — Nephrops. 

1 — Compound  ascidians. 


l!>th  June,  1900.— Abei-poi-th  Bay.     i\\tch: 
dabs :  -  — 

12    dabs. 
-Ophiurids  (stomachs  very  full). 
Ophiurids,  Pagurus,  Scrobicularia. 
Scrobicularia,  Aphrodite. 
Scrobicularia,  Nucula. 
-Scrobicularia. 

-Pagurus,  Scrobicularia,  Natica,  Aphrodite. 
-Pagurus. 

-Aphrodite,  Scrobicularia. 
-Ampelisca  (stomach  full). 


plaice, 
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9th  July,   1906.— Near  Nelson  Buoy.     Catch:    320 
plaice,  12G  dabs :  — 


12     plaice. 

1 — Soleii. 

1-  -Nucula. 

1 — Tubicolous  polychaetes. 

3 — Tubicolous  polychaetes, 

Scrobicularia. 
1 — Tubicolous  polychaetes, 

Scrobicularia,  Nucula. 
3    -Tubicolous  polychaetes, 

Nucula. 
1 — Tubicolous  polychaetes, 
Scrobicularia,  ophiurids. 
1  -Empty. 

10th  July,  1906.— Oft'  New  Quay.      Catch:  8  plaice, 
16  dabs: — 


10    dabs. 

— Tubicolous  polychaetes. 
— Tubicolous  polychaetes, 

Nucula. 
— Ophiurids. 
— Ophiurids. 
— Ophiurids,  Nucula. 
— Holothurian,  Pectinaria. 
— Portunus. 
— Empty. 


3     plaice. 
3 — Polychaetes. 


6    dabs. 

2     l-pogebia. 
2 — Hermit  crabs. 
1 — Ophiurids. 
1 — Empty. 

13ih    July,    1906.— Llandudno    Bay.        Catch:     l(i 
plaice,  84  dabs:  — 

12     plaice.  12dabs. 

6     Scrobicularia,  Nereids.     3-  Sabella. 

3-   Nereids.  3     Sabella,  sprats. 

2     Nereids,  Echinocyamus.   2 — Sprats. 

1 — Solen.  1 — Sprats,  Crangon. 

(Little  food  in  any  stomach).! — Sprats,  Actinia. 

2 — Portunus. 
(Stomachs  full.) 
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19th  September,  1906. 
o  plaice,  24  dabs  :  — 
3     plaice. 
3 — Scrobicularia. 


20th  September,  190G.- 

i.'atch  :  22  plaice,  150  dabs 

8     plaice. 

2-    Scrobicularia. 

2 — Scrobicularia, 

Polychaetes 

2 — Ophiurids,  Polychaetes, 
Mactra. 

1 — Polychaetes,  Mactra. 

1 — Empty. 
(Very  little  food  in 
stomachs.) 


-Red  Wharf  Bay.       Catch: 

21     dabs. 

JJ — Ophiurids. 

1 — Ophiurids,  Solen. 

1 — Ophiurids,  Scrobicularia. 

1 — Ophiurids,  Hermit  crab. 

1 — Ophiurids,  Craugon. 

1  —Ophiurids,  Ampelisca, 
Hermit  crabs,   Echinus. 

2 — Scrobicularia, 

Ampelisca. 

1  Ani|)eli8ca,  Ophiurids. 

1- -Ampelisca,     Hermit 
crab,  Ophiurids. 

2  Hermit  crabs. 
1 — Crangon. 

1 — Carcinus. 
o- -Empty. 

Entrance  to  Eormbv  C'hannel. 

11     dabs. 

1 — Tubicolous  worms. 

2-  -Tubicolous   worms, 
Mactra. 

1    -Tubicolous  worms, 
Venus. 

2 — Tubicolous   worms, 
Portunus. 

1     Tubicolous  worms, 
Carcinus. 

1-  Natica. 

1 — Nereids. 

1 — Sprat,  Ophiurids. 

1 — Sprat,  crab. 
(Stomachs  full.) 
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4    (labs. 

-Arenicola. 
-Portunus. 
-Nephrops. 
-Philine,  Tube  worm. 


2n(l  October,  1906. — Luoe  Bay.     Catch:    88  plaice, 

14  dabs. 

22     plaice. 

10— Solen.  1- 

1 — Solen,  Nereids,  1 

Ami)eli8ca.  1- 

2-  Solen,  Nereids.  1- 

1  Solen,  Ampelisca. 

2  Solen,  Nucula,  Mactra, 

Crab. 
f] — Nereids. 
1-   Nereids,  Ampelisca 
1 — Arenicola. 
2 — Empty. 

2nd  October,  1906. — Luce  Bay.       Catch :   21  plaice, 

21  dabs:  — 

6plaice.  6dabs. 

G  -All  Solen.  1    -Solen. 

-Solen,  Pandalus. 
Solen,  Ophioglypha. 
Solen,  Crab. 
-Philine. 
-Gasteropod  foot. 

Bay.     Catch :    184  plaice, 


2nd  October,  1906. — Luce 

37  dabs : — 

7     plaice. 

1— Solen. 

1 — Solen,  Nucula. 

1 — Solen,  Nucula,  Nereids. 

1 — Solen,  Nucula,  Nereids, 

Scrobicularia. 
1 — Nucula. 
1 — Nucula,  Nereids. 
1     Nucula,  Scrobicularia. 


14     dabs. 

-  Solen. 
— Ophioglypha. 
-Ophioglypha,   Scrobicu- 
laria. 

Ophioglypha,    Scrobicu- 
laria, Thracia. 
— Ophioglypha,  Carcinus. 
— Ophioglypha,  Cardium 

echinatum. 
-Scrobicularia,  Crab. 
-Hermit  crabs. 
— Portunus. 
— Philine. 
— Nemertine. 
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5th  November,  1906.— Catch:  41  plaice,  32  dabs:  — 

12plaice.  15     dabs. 

10 — Solen.  4— Solen. 

2 — Solen,  Crab  appendages.  1  -  Solen,   Nereids,  Hermit 

crabs,  Zoophytes. 
1 — Hermit  crabs,  Solen. 
1  —Hermit  crabs, 

Amphitrite. 
1 — Hermit   crabs,   Solen, 

Pecten. 
1 — Zoophytes,  Solen. 
1 — Portunus. 
1 — Soft  crab. 
4 — Empty. 

22Dd  November,  1906. — Near  Nelson  Buoy.      Catch  : 
10  plaice,  10  dabs:  — 

Oplaice.  7dabs. 

AU  empty.  All  empty. 

It  is,  of  course,  only  practicable  to  display  these 
observations  in  a  roughly  quantitative  manner.  The 
actual  numbers  of  food  animals  present  in  the  alimentary 
canal  of  each  fish  were  not  counted,  and  only  approximate 
estimates  of  the  abundance  of  each  constituent  of  the 
food  were  made.  It  is,  nevertheless,  possible  to  shew 
roughly  what  is  the  commonest  food  of  each  fish.  In 
the  following  table  the  numbers  of  black  dots  represent 
the  number  of  fishes  in  which  the  food  animals  noted  in 
the  adjoining  columns  occurred  exclusively.  Each  full 
dot  represents  two  fishes. 
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When  arranged  in  this  way  the  contrast  between  the 
food  of  plaice  and  dabs  is  at  once  evident.  We  see  (1) 
that  the  dab  is  an  omnivorous  feeder  and  that  it  will  take 
anything  on  the  sea  bottom  from  a  sprat  to  a  zoophyte; 
but  that  (2)  it  indicates  a  preference  for  particular  food 
animals  such  as  ophiurids,  crabs  and  lamellibranchs.  The 
latter  were  usually  Scrohicidaria  alba,  Mactra,  Tellina, 
and  often  the  feet  of  Cardium  echin^Ltum,  The  crabs 
were  either  Portunus  depurator,  which  often  occurred 
alone  in  the  alimentary  canal,  Carcinus  moenas,  which 
was  less  common,  or  Eupagurus  hernhardus,  which  was, 
perhaps,  the  commonest  crab  found  as  the  food  of  the 
dab.  The  ophiurids  were  nearly  always  Ophiura  alhida. 
The  Amphipods  were  always  Ampdisca.  Sprats  were, 
of  course,  an  unusual  food,  but  on  one  occasion  (in 
Llandudno  Bay,  on  18th  July,  1906),  two  dabs  were 
found  which  were  gorged  with  small  sprats.  The 
tubicolous  Polychaetes  were  either  Sabella  or  Amphitrite, 
Vpogehia,  a  Callianassid  Crustacean,  which  so  far  we  have 
only  found  in  the  stomachs  of  fishes,  was  found  in  two 
dabs  taken  on  10th  July,  1906,  off  New  Quay  Head. 

At  the  foot  of  the  first  column  in  the  table  are  given 
several  animals  which  occurred  exceptionally  in  the 
stomachs  of  dabs  examined  from  various  grounds.  They 
were  generally  associated  with  other  food  animals  and 
never  occurred  in  abundance.  Thev  indicate  further  the 
catholicitv  of  taste  of  the  dab. 

The  plaice  affords  a  decided  contrast.  It  will  be 
seen  that  by  far  the  commonest  food  animals  of  this  fish 
were  lamellibranch  mollusca.  Next  in  importance  come 
Polychaete  worms  which  very  seldom,  apparently,  afford 
an  exclusive  food  for  the  plaice,  but  are  nearly  always 

associated     with     lamellibranchs.         Both     errant     and 

* 

tubicolous    polychaetes    are    eaten.        The    former    are 
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usually  Nereids,  and  the  latter  are  often  Sahdla  and 
Pectinaria,  Ophiurids  aiford  a  very  exceptional  food  for 
the  plaice.  Once  or  twice  Echinocyamus  jyu^illa  was 
found,  but  in  association  with  other  animals,  usually 
lamellibranchs.  The  commoner  lamellibranchs  are,  of 
course,  those  eaten  by  the  plaice.  The  following  table 
represents  the  order  of  abundance  in  which  these  animals 
occurred  in  plaice  stomachs:  — 


Solen 

Solen-f-Maotra .. 
Solen+Nuoula. 
Solen -|-Scrobi-) 
calariaj 
Scrobioularia 
„     +Nucala. 

Nuoula 

Mactra 


•  •  • 


Fio.  24.    Food  of  plaice. 


The  distribution  of  plaice  and  dabs,  considered  as  a 
bionomic  problem  is,  of  course,  one  which  would  requii^e 
much  more  patient  and  serious  investigation  than  we 
have  yet  been  able  to  attemjit.  In  the  consideration  of 
the  commoner  food  animals  eaten  by  each  species  there  is, 
however,  a  probable  explanation  of  the  comparative 
ubiquity  of  the  dab  as  compared  with  the  plaice.  The 
latter  is  much  more  fastidious  in  its  tastes  than  the  dab, 
and  when  the  common  bivalve  molluscs,  which  it  alwavs 
prefers,  are  not  present  on  a  fishing  ground,  or  are  sanded 
up,  or  disappear  from  any  other  cause,  the  plaice  deserts 
this  ground  in  favour  of  others  where  these  molluscs  arc 
to  be  found.  So  we  find  that  a  **  strike,''  or  settlement 
of  the  spat  of  mussels,  or  other  lamellibranchs  on  any 
fishing  ground  is  often  followed  by  an  extensive  immigra- 
tion of  plaice  to  this  spot.  Fishermen  credit  the  plaice- 
with  the  possession  of  some  occult  power  of  detecting  the 
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presence  of  abundant  bivalve  food,  even  at  considerable 
distances,  but  the  reason  of  these  aggregations  of  plaice 
on  sea  bottoms  where  there  is  for  a  time  an  abundant 
young  lamellibranch  fauna  is  simply  this,  that  plaice  are 
always  to  some  extent  moving  about,  except  perhaps 
during  one  or  more  of  the  colder  winter  months,  and  when 
they  encounter  accidentally  such  an  abundance  of  their 
favourite  food  they  remain  in  the  place  where  this  is  to 
be  found  deserting  it  when  the  food  becomes  scarce. 

On  the  other  hand,  the  dab,  being  a  greedier  feeder, 
and  one  accustomed  to  **  take  what  it  can  get,"  finds  a 
more  or  less  abundant  table  spread  for  it  on  almost  any 
of  the  shallow-water  fishing  grounds  off  our  coasts.  So 
we  find  that  the  dab  is  much  more  widely  distributed 
than  the  plaice,  and  that  when  we  cannot  fish  the  latter 
the  dab  is  generally  to  be  obtained. 

The  sole  is  again  more  fastidious  than  either  plaice 
or  dab.  The  stomachs  of  these  fish  caught  on  the  "  John 
Fell "  have  been  examined  very  often,  but  the  results 
are  not  tabulated.  One  finds,  however,  that  it  is  com- 
paratively rarely  that  soles  have  any  food  animals  in 
their  stomachs  other  than  Polvchaete  worms.  In  the 
varying  abundance  of  the  latter  we  have  then  one  of  the 
causes  of  the  migrations  of  the  sole.  Of  course,  this  is 
not  the  only  cause,  but,  no  doubt,  it  is  one  of  the  most 
important. 

Finally  I  give  the  records  of  the  examination  of  the 
stomachs  of  several  cod  caught  during  the  early  part  of 
the  year.  They  shew  little  beyond  what  we  already  know, 
viz.,  that. the  cod  feeds  largely  on  fish  and  Crustacea. 
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Cod. 

9th  Tanuary,  1906. — Beaumaris  Bay.    One  specimen, 
33ins.  long.     Contents  of  the  stomach  were:  — 

3  dragonets; 

1  poor-cod; 

1  small  pleuronectid. 

3rd  January,  1906. — Blackpool  Closed  Ground.    One 
specimen,  about  33ins.  long.       Stomach  contents:  — 

33  sprats  (or  young  herrings,  species  indeter- 
minable). 
1  pleuronectid,  Sins,  long; 
3  pleuronectid,  3in8.  long; 
6  shrimps; 
1  Aphrodite; 
1  piece  of  coal. 

24th   January,    1906. — Beaumaris   Bay.       One   cod, 
30ins.  long.      Stomach  contents :  — 

6  Carcinus. 

31st  January,  1906.— Red  Wharf  Bay.      1  cod,  30in8. 
long.       Stomach  contents:  — 

6  Hermit  crabs. 

31st   January,    1906. — Near   Liverpool   N.W.    Light 
Ship.     Cod,  27ins.  long.       Stomach  contents:  — 

1  whiting,  lOins  long. 

Cod  22ins.  long.     Stomach  contents :  — 

7  Portunus. 

Codling,  9ins.  long.     Stomach  contents:  — 
9  Portunus. 
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Ist  February,  1906.     Near  N.  Constable  Buoy.      Cod 
32in8.  long.      Stomach  contents:  — 

2  flat  fishes,  6  to  Sins,  long; 
1  dragonet; 
15  Portunus. 

20th   February,    1906.— Shoals.       Cod,   33m8.   long. 

1  dragonet; 
15  Portunus. 

20th   February,   1906.— Shoals.       Cod,   33in8.   long. 
Stomach  contents :  — 

1  poor  -  cod,  much  fish  debris. 

Cod  28in8.  long.      Stomach  contents  :  — 
8  Portunus; 
1  small  whiting. 

Cod  28in8.  long.     Stomach  contents :  — 
7  Xephrops. 


\ 
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REPORT    ON    VARIOUS 

BACTERIOLOGICAL    ANALYSES    OF    MUSSELS 

FROM    LANCASHIRE    AND    WALES. 

By  Jas.   Johnstone. 

1. — On  the  Bactekiological  Analysis  of  Mussels  from 

St.  Annes-on-the-Sea. 

At  the  last  meeting  of  the  Scientific  Sub-Committee 
in  May,  1906,  instructions  were  given  to  make  a 
bacteriological  examination  of  the  mussels  on  the  bed  near 
St.  Annes.  Accordingly  on  June  Gth,  1906,  Dr.  Jenkins, 
Mr.  J.  Wright  and  I  visited  the  locality  in  question  and 
I  then  collected  a  sample  for  analysis. 

The  sewer  at  St.  Annes  is  an  iron  pipe  24  inches  in 
diameter  which  runs  out  over  the  foreshore  to  the  low 
water  mark  of  ordinary  spring  tides,  and  discharges 
some  distance  ^orth  of  the  town  into  the  channel  known 
as  North  Channel  or  Hollow.  The  flow  of  sewage 
through  the  pipe  is  continuous  and  there  is  delivered 
every  24  hours  approximately  227,800  gallons  (=25 
gallons  per  head  of  population).  The  sewage  is  quite 
untreated. 

The  mussel  bed  is  situated  near  to,  and  indeed  round, 
the  sewage  outfall,  and  some  little  distance  to  the  South 
of  the  latter.  It  is  a  small  bed  but  the  mussels  on  it 
are  fairly  abundant.  The  shellfish  are  of  good  quality, 
with  fine,  clean  and  thin  shells,  apparently  rapidly 
growing  fish.  Those  examined  were  apparently  well- 
nourished  and  healthy  molluscs.  The  ground  was,  at  the 
time  when  I  collected  the  sample,  fairly  hard  and  clean. 
There  were  quite  a  number  of  starfishes  on  the  bed,  and  to 
the  presence  of  these  animals  is  to  be  ascribed  the  unusual 
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number  of  empty  shells  present  on  the  ground  at  the  time. 
We  looked  for  paper  or  other  naked-eye  evidence  of 
sewage  deposits  on  the  bed  but  could  see  little  traces  of 
such  matter. 

This  bed  has  long  had  an  evil  reputation  and  I  am 
informed  by  Dr.  F.  Booth,  Medical  Officer  of  Health  for 
the  Urban  District  of  St.  Annes,  that  though  he  has  no 
direct  evidence  of  illness  in  St.  Annes  resulting  from  the 
consumption  of  these  mussels,  the  Medical  Officer  of 
Blackpool  has  attributed  several  eases  of  enteric  fever 
directly  to  the  consumption  of  mussels  from  this  bed. 
Unfortunately  there  is  also  grave  reason  for  suspecting 
the  cockles  from  the  adjacent  foreshore.  It  is  apparently 
the  case  that  cockles  clean  themselves  of  ingested  sewage 
bacilli  much  less  readily  than  mussels  (Klein).  That  is, 
these  micro-organisms  find  a  more  suitable  nidus  in  the 
tissues  of  the  cockle  than  in  those  of  the  mussel. 

I  think  the  direction  of  the  tidal  streams  favours  the 
contamination  of  these  mussels.  Not  only  is  there  direct 
and  continual  pollution  by  the  St.  Annes  sewer,  but  a 
considerable  quantity  of  greatly  diluted  sewage  from 
Liytham  and  even  from  the  Ribble  Estuary  generally, 
must  find  its  way  over  these  grounds  at  the  earlier  period 
of  the  ebb-tide.  It  is  true  that  St.  Annes  sewage  must 
pass  out  to  sea  through  the  North  channel  after  the 
higher  sand  banks  have  become  bared  by  the  ebb,  but  it 
is  also  probable  that,  with  the  first  of  the  flood  some  at 
least  of  this  sewage  may  find  its  way  back  through  the 
same  channel  on  to  the  mussel  bed.  The  topography  of 
the  coast,  indeed,  renders  it  impossible  that  these  shell- 
fish can  escape  direct  contamination. 

The  sample  of  mussels  for  examination  was  collected 
about  5  p.m.  on  6th  June.  The  mussels  were  collected 
from  every  part  of  tlie  bed  and  at  once  placed  in  a  recently 
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sterilised,  tightly  closing  paint  tin.  They  were  taken 
back  to  Liverpool  on  the  same  evening  and  the  unopened 
tins  were  at  once  placed  in  a  sink  and  packed  round  with 
fragments  of  ice.  The  lids  of  the  tins  were  tightly 
closed  to  prevent  ingress  of  the  w^ater  resulting  from  the 
melting  of  the  ice.  Every  precaution  was  thus  taken 
to  prevent  multiplication  of  the  micro-organisms  con- 
tained in  the  shellfish  during  the  interval  between 
collection  and  analysis.  When  the  tins  were  opened 
next  day  the  valves  of  the  mussels  were  still  tightly 
closed ;  in  the  meantime  not  all  the  ice  had  melted. 

The  primary  inoculations  were  made  in  the  forenoon 
of  June  7th,  within  20  hours  after  collection  of  the 
sample.  Ten  mussels  were  selected  at  random  from  the 
entire  sample.  The  outside  of  the  shell  of  each  was 
rapidly  washed  with  tap  water  (Liverpool  water  is  free 
from  sewage  bacteria).  The  mussel  was  then  opened 
with  a  sterile  instrument ;  a  slit  with  a  sterile  knife  was 
made  through  the  visceral  mass  into  the  stomach,  and 
then  about  1/lOth  cc.  of  the  liquid  in  the  latter  cavity 
was  withdrawn  in  a  recently-drawn-out  glass  pipette. 
This  was  evenly  spread  over  the  surface  of  a  recently 
poured  plate  of  Gninbaum's  neutral-red,  bile-salt,  lactose 
agar.  At  the  same  time  a  similar  quantity  of  liquid  was 
taken  up  in  the  same  pipette  and  inoculated  in  a  recently 
boiled  tube  of  sterile  milk ;  a  different  pipette  was  used 
for  each  mussel.  The  plates  were  incubated  for  24  hours 
at  a  temperature  of  42°C.  The  milk  tubes  were  heated 
to  78°C.  for  20  minutes  to  destroy  vegetative  forms  of 
bacteria,  and  they  were  then  incubated  for  24  hours 
at  42°C.  under  anaerobic  conditions  (in  an  atmosphere  of 
hydrogen). 

The  results  of  the  primary  surface  inoculations  on 
the  neutral-red  agar  are  given  below :  — 


231 


MUSSBL. 

No.  OF  Colon-like  Colonies. 

White 
Colonies. 

1 

170  

12 

2 

80  

4 

3 

36  

7 

4 

with  2  diffuse  red  patches 
15  

1 

5 

with  numerous  red  patches 
76  

1    . 

6 

with  many  diffuse  red  patches 
132  

3 

7 

with  several  diffuse  red  patches 
28  

8 

39  

numerous 

9 

with  several    diffuse  red  patches 
32  

10 

with  numerous  diffuse  red  patches 
about  320 

The  significance  of  these  results  is  that  unpolluted 
mussels  or  oysters  taken  far  out  at  sea  contain  no  bacteria 
in  their  stomachs  which  grow  on  neutral-red  agar. 

This  is  also  true  of  non-sterile  but  uncontaminated 
sea  water.  The  great  majority  of  the  organisms  growing 
on  this  medium  are  such  as  are  found  in  sewage,  and 
indeed  are  those  that  have  their  normal  habitat  in  the 
human  intestine. 

The  diffuse  patches  are  formed  by  the  fusion  of 
numerous  **  colon-like  "  colonies. 
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The  object  of  the  anaerobic  milk  cultures  was  to 
demonstrate  the  presence  of  a  spore-forming  anaerobic 
bacillus — the  B.  enterUidis  sjwrogenes  of  Klein,  or  a 
nearly  relaied  form.  All  the  ten  cultures  made  gave 
positive  reactions;  that  is,  the  milk  was  curdled  and 
abundant  gas  formation  took  place,  breaking  up  the  curd 
in  the  characteristic  manner.  This  again  is  presumptive 
evidence  of  sewage  pollution  since  unpolluted  shellfish 
and  unpolluted  fresh  or  sea  water  do  not  readily  give 
this  reaction. 

Bacillus  coliy  the  presence  of  which  is  now  regarded 
as  indicative  of  sewage  pollution,  grows  on  neutral  red 
agar  as  deep  red,  and  large  colonies,  ^^ot  all  these 
**  colon-like "  growths  are,  however,  produced  by  the 
typical  B.  coli.  Eleven  of  these  colon-like  colonies  were, 
therefore,  selected  from  the  ten  plates,  and  from  them 
pure  sub-cultures  were  made  on  nutrient  agar.  After 
24  hours  incubation  at  42^C.  these  secondarv  cultures 
were  examined  in  detail.  The  presence  or  absence  of 
motility  of  the  bacilli  w^as  observed  microscopically,  and 
each  sub-culture  was  inoculated  in  7  different  media  (bile 
salt  glucose  broth,  glucose  broth,  lactose  broth,  mannite 
broth,  cane  sugar  broth,  glycerine  broth,  and  litmus 
milk).  These  tertiary  sub-cultures  were  again  incubated 
for  48  hours  at  42^C. 

At  the  end  of  this  time  six  gave  the  reactions  for  the 
typical  Bacillus  coli.  Therefore,  about  one-half  of  the 
discrete  colonies  identified  as  **  colon-like  "  proved  to  be 
those  of  B.  coli. 

Neutral-red,  bile-salt  lactose  agar  not  only  affords 
an  easy  means  of  picking  out  organisms .  which  are 
probably  B.  coli,  but  it  also  distinguishes  these  from 
organisms  belonging  to  the  Gaertner  and  typhoid  groups. 
These  latter  grow  on  the  medium  in  question  as  white 
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translucent  colonies.  Particular  attention  was  paid  to 
these  latter  organisms  and  eight  were  selected  and 
examined  in  pure  sub-culture  as  in  the  case  of  the 
"  colon-like  "  colonies. 

Most  of  these  colonies  were  those  of  aberrant 
organisms  which  could  not  be  identified.  Two  of  them 
gave  most  of  the  reactions  characterising  Gaertner's 
bacillus,  and  may  possibly  have  been  this  microbe.  One 
of  them,  however,  (isolated  from  mussel  No.  2),  was  of 
much  greater  significance,  and  had  the  following 
characters : 

1.  It   formed   a   round,   slightly   raised,    translucent 

colony  on  neutral  red,  bile-salt,  lactose  agar. 

2.  It  was  motile. 

3.  It  formed  acid  only  in  bile-salt  broth. 

4.  Formed  acid  in  glucose  broth. 

5.  Slightly  discoloured  lactose  broth. 
G.  Formed  acid  in  mannite  broth. 

7.  Gave  no  reaction  with  cane  sugar  broth. 

8.  Formed  acid  in  milk. 

The  agglutination  test  was  made  for  me  by  Mr. 
Lewis  of  the  Pathological  Department  at  Liverpool 
University.  Twenty-nine  parts  of  an  emulsion  of  the 
bacillus  were  mixed  with  one  pait  of  a  serum  taken  from 
a  patient  suffering  from  enteric  fever,  and  which  gave  a 
positive  result  with  a  known  strain  of  liacillus  typhosus. 
This  was  kept  under  observation  for  half  an  hour.  At 
the  end  of  this  period  well-marked  clumping  of  the 
bacilli  took  place. 

All  these  reactions  are  characteristic  ui  Bacillus 
typhosus  the  specific  germ  of  enteric  fever  and  I  think  it 
highly  probable,  therefore,  that  this  microbe  was  present 
in  mussel  Xo.  2. 

It    is    only    in    comparatively    few    cases    that    B, 
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typhosus  has  been  isolated  from  shellfish,  though  there  is 
little  doubt  that  it  is  often  present.  The  microbe  is  one 
which  possesses  little  vitality  in  sea  water  (Herdman  and 
Boyce),  or  in  the  alimentary  canal  of  the  mussel  or  oyster 
(Klein),  and  its  presence,  therefore,  indicates  recent,  and 
therefore,  dangerous  pollution,  a  result  which  is  indeed 
apparent  from  the  unusually  large  numbers  of  Bacilln,^ 
colt  present  in  the  mussels  examined. 

A  quantitative  analysis  of  the  bacteriology  of  the 
mussels  was  also  made  (as  regards  B.  coli)  by  the  method 
of  decimal  dilutions  of  Dr.  A.  C.  Houston,  Bacteriologist 
to  the  Royal  Commission  on  Sewage  Disposal.  Five 
mussels  were  taken  and  removed  from  their  shells  with 
sterile  precautions.  The  liquid  from  the  shell  cavaties 
was  made  into  an  emulsion  with  the  bodies  of  the  shell- 
fish and  this  emulsion  was  made  up  to  the  volume  of 
500  cc.  with  sterile  water.  1  cc.  of  this  liquid,  therefore, 
contained  1/lOOth  part  of  one  mussel.  The  liquid  was 
then  diluted  so  that  1  cc.  contained  11,000  part  of  one 
mussel  and  the  process  was  repeated.  In  this  way 
emulsions  were  obtained  which  contained  :  — 

A.  1/100  part  of  a  mussel. 

B.  1/1,000  part  of  a  mussel. 

C.  1/10,000  part  of  a  mussel. 

D.  1/100,000  part  of  a  mussel. 

1  cc.  of  each  was  then  inoculated  on  neutral  red  agar 
as  before,  and  also  in  milk  under  anaerobic  conditions. 
A  contained  about  20  colon-like  organisms. 

D  was  sterile. 
One  of  the  colonies  in  C  was  produced  by  /?.  cofi. 
This  organism  was,  therefore,  present  in  1/10,000  part  of 
a  mussel  (average  of  five  examined). 
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The  enteritidis  reaction  was  iriven  only  bv  emulsion 
A. 

B,  coli  was,  therefore  present  in  1/10,000  part  of  a 
mussel  but  was  absent  in  1/100,000  part. 

I  think  that  the  above  results  leave  no  room  for  doubt 
that  the  mussels  from  the  bed  near  the  St.  Annes  Sewage 
Outfall  are  most  gravely  polluted  by  micro-organisms  of 
intestinal  (or  faecal)  origin. 


2. — Repobt  on  an  Examination  of  the  Mussel  Beds 

at  mobecambe. 

An  analysis  of  mussels  from  the  "  Ring-Hole,*' 
Morecambe,  was  made  in  July  of  this  year,  and 
a  Report  was  presented  to  the  Chairman  of  the  Joint 
Committee.  That  Report  was  only  a  preliminary  one, 
and  was  only  intended  to  show  whether  or  not  it  was 
desirable  to  make  a  more  exhaustive  examination.  It 
vras  evident  that  further  enquiry  was  necessary,  and  on 
loth  September,  at  the  time  of  the  low  spring  tides, 
Mr.  Scott  and  I  visited  Morecambe  for  this  purpose.  I 
desire  here  to  state  that  every  assistance  was  given  to  us 
bv  the  Local  Sanitary  Authority,  and  that  no  information 
that  we  asked  for  was  withheld.  On  this  first  visit  we 
were  accompanied  by  Alderman  Thomas  Baxter,  Alderman 
Snowden,  the  Chairman  of  the  SanitaiT  Committee, 
f.'ouncillor  Miller,  Inspector  Lamb  and  Mr.  E.  Gardner, 
the  local  Fishery  Officer.  We  saw  the  sewer  outfalls 
and  some  of  the  mussel  beds,  and  collected  a  number  of 
samples  from  the  vicinity  of  the  main  sewer  outfalls,  from 
''  Baiting-Knot "  Skear,  and  from  Ring-Hole.  These 
Hamples  were  taken  at  about  G  p.m.,  near  the  time  of  low 
water.  Again,  on  5th  October,  Mr.  Scott  and  I  made 
another  visit  to  Morecambe  and  met  Dr.  Watterson,  the 
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Medical  Officer  of  the  Borough.  At  this  time  the  men 
were  working  on  the  outer  Heysham  Skears  and  we  there- 
fore visited  the  latter  at  5  a.m.,  the  time  of  low  water  on 
the  morning  tide.  Further  samples  were  taken  from 
*'  Great-Out ''  and  "  Little-Out  "  Skears,  and  from  Ring- 
Hole.  Samples  of  sea-water  were  also  taken  from  off 
Great-out  Skear,  from  off  Baiting- Knot,  from  over  the 
main  sewer  outfall  (at  that  time  covered),  and  from  Bing- 
Hole.  On  this  visit  we  also  saw  the  main  sewage  culverts 
and  the  purification  works. 

Bacteriological  analyses  of  the  shellfish  so  collected 
were  made  in  the  usual  manner.  The  results  show  that 
Bcunllv^  colt  was  present  in  practically  all  the  mussels 
examined.  But  in  no  case  was  the  degree  of  contamina- 
tion considerable.  There  was  a  noticeable  difference  in 
the  results  obtained  from  this  analvsis  and  those  from  the 
analvsis  of  Julv  19th.  In  this  latter  case  the  mussels 
(which  we  did  not  personally  collect)  were  apparently  not 
a  representative  sample  from  the  Morecambe  mussel  beds, 
although  they  may  have  been  taken  from  a  place  from 
which  mussels  are  sent  to  the  markets. 

To  describe  a  mussel  as  dangerously  polluted  merely 
because  it  contains  Bacillus  coli  would  be  quite  unjustifi- 
able. This  microbe  is  not,  in  such  circumstances, 
so  far  as  we  know,  dangerous  to  health.  Its  presence  in 
a  shellfish  merely  indicates  that  the  latter  is  living  in  sea- 
water  which  is  (exposed  to  some  degree  of  sewage  contamina- 
tion. Its  presence  always  indicates  the  posdhilitij  that 
the  shellfish  in  which  it  is  found  mav,  under  certain 
circumstances,  come  to  harbour  microbes  of  a  nature 
strictly  pathogenic,  such  as  the  typhoid  bacillus.  But 
when  the  number  of  B,  colt  in  a  mussel  is  few  then  this 
possibility  is  remote.  When  the  number  is  large,  or  when 
the  pollution  is  notorious  (as  in  such  cases  as  those  of  the 
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mussels  at  Egremont,  Rock  Ferrv,  or  St.  Annes)  then  we 
may  reasonably  conclude  that  the  shellfish  should  not  be 
used  for  human  food.  In  every  sample  of  mussels  from 
the  coasts  of  Lancashire,  Cheshire  and  Wales  examined  so 
far.  Bacillus  coli  has  been  found;  and  much  more 
extensive  investigations  carried  out  by  the  Sewage  Com- 
mission with  reference  to  oysters  have  given  the  same 
result.  "  If/'  say  the  Commissioners,  '*  it  should  be 
seriously  contended  that  the  mere  ^presence  of  B.  coli  or 
coli-like  microbes  in  an  oyster  should  condemn  it,  few 
oysters  would  probably  escape  condemnation.*'  Probably 
the  same  conclusion  holds  good  for  mussels  also. 

At  the  present  time  about  90  per  cent,  of  the  sewage 
of  Morecambe  is  treated  by  the  biological  or  septic 
method  of  purification.  The  remainder  passes  into  the 
sea  as  crude  sewage.  There  can  be  no  doubt  that  the 
presence  of  this  crude  sewage  is  objectionable,  but  I  am 
assured  that,  in  a  short  time,  all  the  Morecambe  sewage 
will  pass  through  the  septic  tanks.  There  is  some 
diversity  of  opinion  among  bacteriologists  as  to  how  far 
this  method  of  treatment  of  crude  sewage  removes  the 
danger  to  health  which  might  be  incurred  should  the 
effluent  go  near  a  shellfish  laying.  But  the  general 
opinion  is  that  the  chance  of  dangerous  bacteria  (such  as 
Bacillus  typhosus)  finding  their  way  into  the  effluent  is 
greatly  lessened. 

This  is  specially  the  case  when  the  effluent  is  very 
largely  diluted  with  sea  water  before  reaching  shellfish 
beds.  When  the  present  Morecambe  sewerage  scheme 
^eas  sanctioned  by  the  Local  Government  Board,  this  was 
apparently  considered,  for  the  main  sewage  outfall  is  so 
situated  that  the  effluent  is  carried  well  out  to  sea  and  is 
enormously  diluted  on  the  ebb  tide  before  coming  near  the 
mussel  beds.    Shellfish  are  dangerous  to  health  when  they 
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contain  toxic  quantities  of  Bacillus  typhosus  (producing 
enteric  fever),  or  possibly  B.  erUerUidis  (producing 
Gaertner  poisoning).  These  organisms  must,  in  any 
circumstances,  if  they  are  present  at  all,  always  be  present 
in  sewage  in  small  numbers;  and  when  the  latter  is 
intercepted  in  storage  culverts  and  septic  tanks,  and  then 
turned  into  the  sea  and  greatly  diluted,  the  chance  that  a 
mussel  can  be  dangerously  infected  becomes  very  small. 

Most  people  will  say  that  neither  crude  sewage,  nor 
a  purified  effluent,  should  find  its  way  anywhere  near  a 
shellfish  bed.  One  must  agree  with  this  opinion,  but  it 
is  rather  to  be  regarded  as  a  "  counsel  of  perfection." 
When  practicable  methods  of  sanitary  engineering  and 
sewage  disposal  are  being  considered,  and  when  one 
thinks  of  such  a  densely  populated  littoral  as  that  of 
Lancashire,  it  must  be  apparent  that  the  ideal  of 
removing  sewage  so  that  it  cannot  approach  mussel  beds 
is  quite  unattainable. 

The  general  conclusion,  then,  is  that  the  mussels 
from  the  skears  and  beds  at  Morecambe  are  not  polluted 
to  such  an  extent  as  to  constitute  serious  danger  to  the 
health  of  those  consuming  them  for  food.  In  view  of  the 
importance  of  the  interests  involved,  I  give  below  the 
evidence  on  which  this  opinion  is  based. 

The  Horecambe  Sewage  System. 

The  accompanying  chart  shows  the  positions  of  the 
mussel  beds  and  the  sewer  outfalls.  Altogether  six  sewers 
empty  into  the  Channel.  No.  I.,  which  lies  to  the  West 
of  the  West  End  Pier,  is  the  main  sewer,  and  carries 
seawards  the  treated  effluent  from  the  purification  works. 
It  is  a  24-inch  iron  pipe,  and  terminates  near  the  skear 
called  ''  Seldom  Seen,''  at  the  low  water  mark  of  spring 
tides.       No.  II.,  the  "  Midland  Culvert,'*  is  situated  to 


239 

the  East  of  the  old  harbour ;  it  serves  the  Winter  Gardens, 
the  Midland  Hotel,  and  a  small  group  of  houses  near  this. 
No.  III.,  the  **  Queen  Street "  sewer,  runs  out  obliquely 
from  Queen  Street,  near  the  Central  Pier.  Nos.  IV.  and 
v.,  the  "  Calton  Terrace  "  and  "  Thornton  Road  "  sewers, 
lie  to  the  East  of  the  Central  Pier.  No.  VI.,  the  "  Bare 
Sewer,*'  is  not  shown  on  the  chart;  it  serves  the  township 
of  Bare.  Nos.  II.  to  VI.  deliver  crude  sewage,  and  Nos. 
III.  to  VI.  are  12-inch  iron  pipes.  They  all  terminate  at 
low-water  mark  of  ordinarv  tides. 

Taking  a  normal  population  of  11,000  and  an  average 
water  supply  of  20  gallons  per  head  per  24  hours,  we  find 
that  the  main  sewer  outfall  delivers  200,000  gallons  of 
purified  sewage,  and  the  other  outfalls,  20,000  gallons  of 
crude  sewage  per  24  hours. 

Probably  the  contribution  of  the  Old  Harbour  to  the 
pollution  of  Ring-Hole  may  be  neglected.  At  the  present 
time  the  Harbour  is  strictly  private  ground,  and  is  used 
only  for  breaking  up  old  warships  and  other  superannuated 
vessels.  It  is  largely  silted  up,  and  though  the  bottom  at 
low  water  looks  exceedingly  foul,  it  is  probable  that  this 
foulness  is  more  apparent  than  real.  At  any  rate,  the 
only  sewage  matters  issuing  from  it  are  those  produced 
by  the  workmen  employed  on  the  vessels.  As  a  source  of 
pollution  the  Old  Harbour  does  not  count  for  much,  and 
whatever  evil  exists  could  easily  be  remedied. 

Sewers  II.  to  VI.  represent  the  outfalls  of  the 
original  Morecambe  sewerage  system  before  the  new 
scheme  was  brought  into  operation.  For  some  years  prior 
to  1897  the  Local  Government  Board  had  urged  on  the 
Borough  Council  the  desirability  of  adopting  a  system  of 
sewage  purification.  In  1897  they  expressed  the  opinion 
**  that  untreated  sewage  should  not  be  discharged  anywhere 
in  Morecambe  Bay,"  an  ideal  which,  except  at  Morecambe, 
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the  Local  Sanitary  Authorities  have  not  yet  attempted  to 
realise.  In  1898  Mr.  H.  Bertram  Nichols,  C.E.,  designed 
the  present  system  of  sewerage.  At  that  time  the 
Cameron  method  of  septic  purification  was  in  high  favour, 
and  it  was  decided  to  adopt  this.  The  scheme  provided 
for  the  collection  and  treatment  of  the  sewage  (almost 
entirely  domestic)  of  Morecambe,  Bare  and  Torrisholme — 
an  estimated  population  of  11,000,  with  an  annual  influx 
of  30,000  visitors — at  an  estimated  total  cost  of  £60,000. 
Really  the  system  was  designed  to  cope  with  a  population 
of  60,000  persons,  and  for  an  average  daily  water  supply 
of  20  gallons  per  head.  The  main  sewers  are  laid  along 
the  back  of  the  town,  and  terminate  in  two  main  outfalls, 
iron  pipes  of  21-inch  and  24-inch  diameter  respectively. 
These  open  into  two  culverts,  which  are  designed  to 
contain  an  aggregate  night  flow,  of  400,000  gallons.  The 
culverts  open  into  a  well,  and  the  sewage,  after  being 
screened  so  as  to  remove  solid  matters,  is  raised  by  means 
of  four  centrifugal  pumps  worked  by  electric  power  to 
the  level  of  the  channels  leading  into  the  septic  tanks. 

There  are  eight  rectangular  tanks,  each  of  which  is 
covered  in  and  airtight.  After  passing  through  a 
"  detritus  chamber,"  in  which  much  of  the  grit  from  road 
washings  is  allowed  to  settle,  the  sewage  passes  through 
special  inlet  pipes  into  the  tanks  themselves.  Here  it 
is  allowed  to  remain,  and  the  well-known  septic 
process  of  purification  goes  on.  The  saprophytic 
and  nitrifying  bacteria  normally  present  in  the 
stale  sewage  act  on  the  organic  matters  present, 
and  most  of  the  solids  present  in  suspension  pass 
into  a  state  of  solution.  Organic  matter  is  broken  down 
and  resolved  largely  into  harmless  nitrites  and  nitrates. 
A  certain  amount  of  sludge  settles  at  the  bottom  of  the 
septic  tanks,  but  the  rate  of  accumulation  of  this  is  very 
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slow,  and  the  tanks  require  to  be  cleaned  out  only  at 
very  long  intervals.  The  result  is  the  production  of  an 
effluent  which,  if  the  tanks  are  properly  worked,  is  almost 
clear,  is  non-putrescible,  and  which  does  not  cause  a 
nuisance.  The  effluent  after  leaving  the  septic  tanks 
paases  into  an  \mderground  storage  culvert  which  has  a 
storage  capacity  of  800,000  gallons.  At  the  outlet  end  of 
this  storage  culvert  is  a  penstock  chamber  and  a  chamber 
provided  with  a  tidal  valve.  The  culvert  discharges  into 
a  24-inch  iron  pipe,  the  liquid  in  which  is  under  pressure 
from  the  head  of  sewage  in  the  culvert.  The  culvert  was 
designed  to  remain  full,  or  partially  full,  of  effluent  for 
nine  hours,  and  to  discharge  in  three  hours.  In  actual 
practice  the  sewer  outfall  is  opened  three  hours  after,  and 
closed  four  hours  before  high  water. 

The  main  outfall  sewer  runs  out  over  the  sands  to 
a  point  at  Seldom  Seen  Skear  at  the  low-water  mark  of 
spring  tides  and  there  discharges.  At  Morecambe  the 
duration  of  the  ebb  is  much  greater  than  that  of  the  flood. 
At  spring  tides  the  flood  lasts  for  3  hours  and  15  minutes 
on  the  average,  and  at  the  neaps  for  4  hours  and  45 
minutes.  Extensive  float  experiments  were  carried  out 
to  determine  how  far  the  sewage  would  be  carried  by  the 
ebb  before  the  tide  turned.*  Drift  bottles,  and  large 
wooden  floats  provided  with  flags  so  that  their  movement 
could  be  observed,  were  used.  The  information  derived 
from  these  float  tests  showed  that  the  sewage  would  be 
carried  well  out  to  sea  before  the  turn  of  the  tide,  and 
would  not  return  to  Morecambe.     Many  of  the  bottles 

*The  Engineer's  report  is: — ''From  information  derived  from 
the  float  tests  on  the  10th  February,  and  16th  and  23rd  March,  1897, 
ftnd  between  26th  of  AugUHt  and  the  3rd  September  last  (1898),  there 
is  no  doubt  that  the  best  point  of  discharge  is  at  **  Seldom  Seen,"  a 
point  on  the  north  side  of  the  fishing  baulks  lying  north  of  the  Battery 
Inn.  At  this  point  the  tide  at  half -ebb  would  be  sufficient  to  carry 
»way  the  sewage  coming  from  Morecambe  far  out  to  sea  before  the  tide 
turned." 
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were  carried  out  of  the  Bay  entirely  and  were  found  at 
Drigg,  on  the  Cumberland  coast.  Others  went  over  to 
Grange,  and,  no  doubt,  after  oscillating  for  some  time  on 
the  ebb  and  flood  would  ultimately  leave  Morecambe  Bay. 
Whatever  way  the  sewage  finally  went,  the  dilution  in 
Heysham  Lake  and  the  Lune  would  be  enormous.  Com- 
parative analyses  of  the  sea- water  on  the  ebb  and  flood 
would  show,  I  think,  that  sewage  bacteria  though  found 
in  the  ebb,  in  the  Morecambe  Channels,  would  be  absent, 
or  at  least  very  few,  in  the  ensuing  flood.  It  was  intended 
to  make  these  analyses,  but  the  work  was  too  extensive  in 
scope  to  be  undertaken  at  the  time.  Such  comparative 
determinations  of  the  numbers  of  bacilli  in  sea-water  have 
been  made  in  various  places,  as,  for  instance,  in  the 
estuary  of  the  Thames  and  in  Kiel  Harbour,  and  the 
results  are  both  interesting  and  practically  important. 

BacteFiologioal  Analyses. 

On  the  occasion  of  our  first  visit  six  samples  were 
collected.  Two  were  taken  from  near  the  main  sewer 
outfall,  two  from  Baiting  Knot,  and  two  from  Ring-Hole. 
All  the  samples,  with  one  exception  from  the  top  of 
Baiting  Knot,  were  raked  by  Mr.  Ed.  Gardner  by  means 
of  the  **  long  craam.''  In  each  sampling  several  drags 
were  made,  and  the  total  sample  was  mixed  and  about  a 
dozen  mussels  put  into  a  sterilised  tin.  The  tins  were 
placed  in  ice  until  the  analysis  was  made  (some  twelve 
hours  afterwards).  Four  mussels  were  then  selected  at 
random  from  each  sample — 24  in  all,  and  about  xV  cc.  of 
the  stomach  contents  of  each  was  plated  on  neutral-red, 
bile-salt,  lactose  agar  (Griinbaum's  medium).  After  48 
hours*  incubation  at  42°C.  the  plates  were  examined. 
Each  alternate  mussel  was  also  examined  for  the  presence 
of  an  aerobic  spore-bearing  bacilli. 
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The  reBults  of  these  primary  inoculations  are  shown 
on  the  following  table.  It  will  be  seen  that  the  "  enteri- 
tidis  reaction  "  was  typical  in  each  of  the  12  anaerobic 
cultures  made.  The  colonies  which  resembled  those 
produced  by  Bacilltis  coli  were  coiinted,  and  the  numbers 
present  in  -^  cc.  of  the  l^tomach  juices  of  each  shellfish 
vary  from  14  downwards.  On  two  of  the  plates  no 
"  colon-like  *'  colonies  were  present.  In  some  of  the 
countings  the  number  is  to  be  regarded  as  a  minimum 
one  on  account  of  the  fusion  of  colonies. 
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fused    colonies 

>> 

...    14   ... 

3 

0 

•    •    • 

i> 

...    15    ... 

0 

. . .  many  patches 

...           + 

i> 

...    16   ... 

0 

. . .  several  patches 

•    •    • 

N.  Side  of "  Ring 

...    17    ... 

5  patches 

0 

...           + 

Hole." 

» 

...    18    ... 

5 

10 

•    •   • 

»> 

...    19   ... 

2 
many  fused 

0 

...           + 

»» 

...    20   ... 

0 

. . .  several  patches 

•    •    • 

Top  end  of  "  Ring 

...    21 

7 

0 

+ 

Hole." 

» 

...    22    ... 

4 

. . .  numerous  and^^ 
fused. 

•    •    • 

>> 

...    23    ... 

9 

0 

...           + 

>> 

...    24    ... 

H 

0 

•    •    • 
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Thirteen  of  the  colonies  identified  as  belonging  to  the 
colon  group  were  then  subcultured  on  nutrient  agar  in 
sloped  tubes,  and  after  48  hours'  incubation  these  growths 
were  subcultured  in  bile-salt  broth,  glucose,  lactose, 
mannose,  and  cane  sugar  broths,  and  in  litmus  milk. 
Again,  after  48  hours'  incubation  the  cultures  were 
examined.  The  results  of  these  tertiary  subcultures  are 
shown  on  the  next  table.  It  is  obvious  that  the  colonies 
Nos.  6  and  14  are  not  those  of  B,  coli.  In  two  cases 
(7  and  11)  the  bacilli  were  non-motile,  and  in  three  cases 
(1,  6,  7,)  the  motility  was  very  feeble.  But  at  least  six 
out  of  the  thirteen  colonies  examined  in  detail  proved  to 
be  those  of  typical  B,  coli. 

The  white  colonies  present  on  the  primary  plates  did 
not  belong  to  bacteria  possessing  any  special  significance. 

1st  Analysis. 


Results  of  Tertiary  Subcultures  from  Primary 

Plates. 


Mussel. 

Bile- 
Salt. 

Glucose 

.   Lactose. 

Mannose.   g^-- 

MUk. 

Motility. 

I 

ag 

ag 

ag 

ag 

...       0 

a  c 

...  ?  + 

2 

ag 

ag 

ag 

ag 

...    ag 

a 

...      + 

3 

ag 

ag 

ag 

ag 

...       0 

a  c 

...      + 

6 

ag 

ag 

ag     . 

ag 

...       0 

a  c 

...  ?  + 

6 

ag 

ag 

0 

ag 

...       0 

o 

...      + 

7 

ag 

ag 

ag 

ag 

...       0 

a  c 

...      + 

7 

ag 

ag 

ag 

ag 

...    ag 

a  c 

•  •  • 

7 

ag 

ag 

ag     . 

ag 

...     o 

a  c 

...  ?  + 

7 

ag 

ag 

ag 

ag 

...     o 

a  c 

...      + 

9 

ag 

ag 

ag 

ag 

...    d 

a  c 

...      + 

II 

ag 

ag 

ag 

ag 

...     o 

a  c 

•  •  • 

H 

a 

a 

a 

a 

...     o 

a  c 

...      + 

^3 

ag 

ag 

ag 

ag 

...    ag 

a  c 

...      + 

Explanation  of  Symbols: — 
a  —  acid ;  g  =  gas ;  c  =  clot ;  d  =  discolouration. 
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The  second  analysis  was  conducted  in  precisely  the 
s&me  manner.  A  sample  of  about  20  mussels  was 
collected  from  Great-out  and  Little-out  Skears,  one  mussel 
being  taken  from  each  part  of  the  skears  visited.  This 
sample  was  therefore  a  thoroughly  representative  one. 
One  drag  was  then  made  in  the  middle  of  Ring-Hole,  and 
a  similar  quantity  was  taken  from  the  sample.  Five 
mussels  from  each  of  these  samples  were  examined  as 
before.  In  the  case  of  the  Ring-Hole  shellfish  the 
enteritidis  reaction  was  not  tried  for.  The  results  of 
these  primary  inoculations  are  shown  on  the  next  table. 
Distinctive  white  colonies  were  absent  in  each  case,  and 
the  numbers  of  colon-like  colonies  vary  from  20  down- 
wards. In  the  case  of  two  of  the  Outer  Skear  mussels  the 
enteritidis  reaction  was  atypical. 

2nd  Analysis. 

Primary  Subcultures  on  Neutral-red,  Bile-salt, 

Lactose  Agar  Plates. 


■   Locality. 

Mussel. 

»•  Colon-like" 
Colonies. 

White 
Colonies. 

Enteri- 
tidis 

re-action. 

"  Ring  Hole  " 

•  •  • 

I 

...  about  20 

0 

» 

•  •  • 

2 

...       „       20       ... 

0 

»> 

•  •  • 

3 

14 

0 

» 

•  •  • 

4 

9 

0 

>> 

•  •  • 

5 

7 
some  patches 

0 

"  Out "  Skears 

•  •  • 

6 

4 

0 

not  typical 

» 

•  •  « 

7 

7 

0 

+ 

» 

•  •  • 

8 

16 

0 

not  typical 

» 

•  ■  • 

9 

7 
some  patches 

0 

+ 

» 

•  •  • 

10 

...           14          •  •  • 

0 

•  •  • 

+ 
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As  before,  a  number  of  the  colon-like  colonies  from 
the  primary  plates  made  from  the  Outer  Skear  mussels 
were  subcultured.  The  results  are  given  below  in  detail. 
It  is  evident  that  colonies  8,  9,  9,  10,  10,  are  not  those  of 
J9.  eoli,  while  there  are  other  four  in  which  motility  was 
not  observed.  Four  colonies  are  those  of  typical  B,  coli. 
This  is  a  lower  proportion  than  was  observed  in  the  case 
of  mussels  taken  from  the  skears  higher  up  the  Channel, 
and  therefore  nearer  to  the  sewer  outfalls.  It  is  what 
one  might  expect  to  find.  The  contamination  of  the 
outer  Heysham  Skears  is  less  than  that  of  Baiting  Knot 
and  Ring-Hole.  By  the  time  that  the  sewage  reaches  the 
Heysham  Skears  it  has  become  so  greatly  diluted  that 
there  is  a  much  less  chance  of  sewage  bacteria  being 
ingested  by  the  shellfish.  The  percentage  of  microbes 
indubitably  identified  as  B,  coli  is  also  less,  an  indication 
that  the  micro-organism  undergoes  some  change  as  a 
result  of  its  sojourn  in  sea- water,  or  perhaps  perishes 
altogether. 


2nd  Analysis. 

Results  of  Tertiary  Subcultures  from  Primary 

Plates. 


Mnssel. 

iLh.  Gi"^°^ 

.   Lactose.   Mannose. 

Sugar.     ^«"'-    M°""'y- 

6     ... 

ag     ... 

•    ag 

...    ag     ...    ag     .. 

d     ...    a  c 

...     + 

6     ... 

ag     .. 

•    ag 

...    ag     .. 

.    ag     .. 

d    ...    a  c 

...     + 

7     - 

ag     .. 

•    ag 

...    ag     .. 

.    ag     ... 

o     ...    a  c 

...     + 

7     ••• 

ag     •• 

-    ag 

...    ag     .. 

■    ag     ... 

0     ...    a  c 

. . .     "^ 

8     ... 

o 

0 

...      0 

0      .. 

0     ...    ac 

..     + 

8     ... 

ag     •• 

•    ag 

...    ag     .. 

■    ag     ... 

0     ...    a  c 

— 

8     ... 

ag     .. 

•    ag 

...    ag     .. 

.    ag     ... 

0     ...    a  c 

..     + 

8     ... 

ag     .. 

•    ag 

...    ag     .. 

.    ag     ... 

0     ...    a  c 

— 

9      •• 

ag     .. 

•    ag 

a 

ag     ... 

0     ...    a  c 

+ 

9     •  • 

a 

a 

a 

a 

a     ...      o      . 

1 .  •     "^ 

ID      ... 

a 

a 

a 

0 

o     ...    a  c 

...     + 

ID      ... 

a 

a 

0 

0      .. 

0      ...        0 

...     + 
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Teetiary  Stjbcvltures  from  Broth  Inoculated  with 

1  cc.  Water. 


Locality.         ««?"   Glucose.  Lactose.  Mannose.  g,^^    Milk.  Motility. 

"Out"        ...   ag...   ag...   ag...     ag...     o...   ac...     — 
Skeat 

"Baiting      ...   ag   ...   ag  ...   ag   ...     ag   ...     d  ...   ac   ...     + 
Knot" 


It  was  not  possible  at  the  time  to  make  an  exhaustive 
analysis  of  the  sea-water  in  the  vicinity  of  the  skears,  but 
several  samples  were  collected  and  examined.  Sterilised 
glass-stoppered  bottles  were  filled  with  water  from  off 
Great-out  Skear,  from  just  over  the  main  sewer  outfall, 
from  near  Baiting  Knot,  and  from  Ring-Hole.  In  the 
eases  of  the  outer  skears,  and  Baiting  Knot,  only  one 
culture  was  made  from  each  sample.  One  cc.  of  the  water 
was  added  to  bile-salt  broth  and  the  latter  was  incubated. 
A  reaction  was  then  obtained  and  plates  were  made  from 
the  primary  culture.  Colonies  supposed  to  be  those  of 
B,  coli  were  then  selected,  and  examined  in  pure  sub- 
culture. In  the  case  of  the  Baiting  Knot  sample  the 
colony  selected  was  B.  coli,  but  in  the  case  of  the  colony 
from  the  outer  skear  sample  motility  was  not  observed. 
The  microbes  present  were  therefore  not  typical  Bacillus 
coli. 

In  the  case  of  the  water  sample  from  near  the  main 
sewer  outfall,  and  from  Ring-Hole,  a  number  of  dilutions 
were  made,  each  y^th  less  concentrated  than  the  one 
immediately  above.  One  cc.  of  the  original  or  diluted 
liquid  was  put  into  a  sterile  Petri  dish  and  neutral  red 
agar  at  a  temperature  of  40^C.  was  poured  in  and  allowed 
to  solidify.  After  48  hours'  incubation  the  plates  were 
counted.  A  dozen  plates  were  made.  Only  primary 
inoculations  were  made.     In  the  case  of  the  water  from 
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near  the  main  sewer  outfall  350  colon-like  colonies  were 
counted  on  the  plate  made  from  1  cc.  The  plates  made 
from  '001  cc.  and  the  lower  dilutions  were  sterile.  In  the 
case  of  the  Ring-Hole  sample  19  colon-like  colonies  were 
counted  in  the  plate  made  from  1  cc.  and  5  from  that 
made  from  0*1  cc.  The  lower  dilutions  yielded  sterile 
plates. 

These  observations  do  not  go  very  far,  but  they  just 
indicate  that  the  dilution  of  the  effluent  and  the  crude 
sewage  is  so  very  great  that  the  bacteria  present  become 
enormously  dispersed  through  the  sea.  This  is  indeed 
what  one  might  expect  from  a  consideration  of  the 
topography  and  tidal  currents  of  the  locality. 

The  results  of  these  water  analyses  are  shown  on  the 
following  table :  — 


Bactehiological  Analysis  of  Watee  Samples. 


Locality. 

Amount 
taken. 

Off  "  Great  Out  "      ... 

I  cc. 

Skear. 

Off  "Baiting-Knot"... 

I  cc. 

"Ring-Hole" 

I  cc 

>» 

0*1  cc 

»> 

0*01  cc 

Above  Sewer  Outfall  . . . 

I  cc 

«•                      •  •  • 

•ooi  cc 

Reaction  in 

Bile-salt 

Broth. 

+ 
+ 


No.  of  **  Colon- 

Uke*' Colonies 

on  neutral-red 

agar  plates. 


19 

5 
sterile 

350 
sterile 
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The  Effect  of  the  Septio  Method  of  Treathig 

Crude  Sewage. 

A  further  question  remains  to  be  considered  in 
relation  to  the  contamination  of  the  Morecambe  mussel 
beds,  viz.,  the  extent  to  which  the  biological  or  septic 
method  of  purification  reduces  the  numbers  of  pathogenic 
bacteria  which  may  possibly  be  present  in  the  crude 
sewage.  It  will  be  admitted  that  the  fact  that  most  of  the 
Morecambe  crude  sewage  passes  through  septic  tanks 
before  reaching  the  sea  must  have  its  influence  on  the 
interpretation  of  the  bacteriological  results.  The  question 
of  the  harmful  effects  of  contamination  of  the  mussels  by 
the  effluent  from  the  main  sewer  outfall  in  fact  turns  to 
some  extent  on  what  really  happens  in  the  septic  tanks. 
Does  the  putrefactive  process  taking  place  there  lead  to 
the  elimination  of  pathogenic  bacteria!^  There  are  com- 
paratively few  observations  on  this  subject,  and  I  may 
refer  here  to  the  principal  results  obtained. 

(1)  Dr.  A.  C.  Houston  (Bacterial  Treatment  of  Crude 
Sewage:  Third  Report:  London  County  Council,  No. 
501,  1900),  inoculated  small  quantities  of  unsterilised 
Crossness  crude  sewage  with  various  pathogenic  bacteria. 
The  cholera  bacillus  was  employed  in  two  experiments, 
and  a  number  of  these  vibrios  greatly  in  excess  of  the 
number  of  other  micro-organisms  present  in  the  sewage 
was  added  to  10  cc.  of  the  crude  liquid.  In  one  experiment 
the  bacillus  lost  its  vitality  in  less  than  a  fortnight;  and 
in  the  other  experiment  was  found  in  the  sewage  for 
nearly  four  weeks. 

Tubes  containing  Crossness  crude  sewage  were  then 
inoculated  with  pure  cultures  of  Bacillus  j)rodigiosu8.  In 
one  experiment  the  bacillus  was  not  recognised  in  the 
liquid  after  sixteen  days.     Day  by  day  the  numbers  of 
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this  microbe  decreased,  showing  that  crude  sewage  was 
an  unfavourable  medium  for  its  development.  In  the 
second  experiment  it  remained  alive  for  ten  days,  but 
was  not  discoverable  afterwards. 

Staphylococcus  pyogenes  aureus,  a  pathogenic  microbe 
occasionally  present  in  raw  sewage,  was  then  experimented 
with.  It  was  found  that  this  organism  could  persist  in  crude 
sewage  for  at  least  thirty-eight  days.  After  that  time  it 
was  no  longer  recognisable. 

Houston's  conclusions  from  these  experiments  is  that 
the  pathogenic  bacteria  dealt  with  are  capable  of  retaining 
their  vitality  in  crude  sewage  for  a  considerable  time. 
But  he  also  points  out  "  that  the  number  of  the  pathogenic 
germs  added  to  the  sewage  in  these  experiments  was  vastly 
greater  that  could  conceivably  take  place  under  natural 
conditions,  and  that,  notwithstanding  the  enormous 
numbers  introduced,  there  was  definite  indication  of  a 
somewhat  rapid  decrease  in  their  numbers."    (Ibid.  p.  75.) 

(2)  MacConkey  (Report  Royal  Commission  on  Sewage 
Disposal,  2  (cd.ll78),  1902)  determined  the  longevity  of 
Bacillus  typhosus  in  various  sewage  liquids,  and  found 
that  this  microbe  did  not  find  a  suitable  habitat  in  any  of 
the  liquids  dealt  with.  Crude  sewage  was  inoculated  with 
the  typhoid  bacillus,  and  it  was  found  that  it  died  out 
rapidly.  In  one  experiment  it  disappeared  six  days  after 
the  date  of  inoculation,  and  in  another  was  not  recognised 
after  the  lapse  of  thirteen  days.  Effluents  from  various 
septic  purification  processes  were  also  employed,  and  it 
was  found  that  these  were  even  more  inimical  to  the  life 
of  the  bacillus  than  crude  sewage.  A  portion  of  Cameron 
bed  effluent  (such  as  we  have  to  deal  with  at  Morecambe) 
was  inoculated  with  typhoid  bacilli  to  the  extent  of  twelve 
millions  per  cc,  and  at  the  end  of  seven  days  the  number 
of  the  bacilli  had  decreased  to  200  per  cc.     MacConkey's 
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oonclusions  may  be  given  in  his  own  words :  — "  The  fluids 
experimented  on  are  inimical  to  the  growth  of  the  Bacillus 
typhosus,  and  if  these  pathogenic  bacteria  find  their  way 
into  a  bacteriological  system  of  treatment  they  meet  with 
conditions  hostile  to  their  multiplication.  We  know  that 
typhoid  bacilli  must  find  their  way  into  the  sewage  from 
the  excreta  of  persons  suffering  from  typhoid  fever,  but 
they  cannot  be  present  in  large  numbers,  and  in  the 
various  samples  of  crude  sewage  which  we  have  examined 
we  have  not  found  any.  Therefore  it  may  be  concluded 
that,  allowing  that  these  bacilli  reach  biological  beds  or 
septic  tanks,  they  are  present  in  such  small  numbers,  and 
the  conditions  are  so  adverse  to  their  existence,  that  they 
will  not  survive  the  treatment/' 

(3)  Boyce,  MacConkey,  Griinbaum  and  Hill  (Report 
Royal  Commission  Sewage  Disposal  2  (cd.  1178,  1902), 
p.  87,  determined  the  rate  at  which  the  bacilli  present  in 
the  effluents  from  various  septic  processes  disappeared 
when  the  liquid  was  filtered  through  sand  or  earth.  The 
effluent  from  a  Dibdin  bed  was  passed  through  four  feet 
of  earth,  and  while  flowing  on  to  this  filter  great  numbers 
of  typhoid  bacilli  were  added  to  it,  so  that  the  liquid 
contained  much  greater  quantities  than  could  possibly 
have  been  the  case  in  nature.  Twenty-four  hours  after 
being  added  to  the  filter  the  typhoid  germs  could  not  be 
detected  in  the  liquid  flowing  from  the  former. 

(4)  These  experiments  are,  however,  rather  artificial 
ones  and  perhaps  greater  weight  is  to  be  attached  to  an 
experiment  made  by  Houston  (Report  Royal  Commission 
Sewage  Disposal,  4,  Vol.  i]  (cd.  1885),  1904,  p.  77)  with 
the  object  of  determining  to  what  extent  pathogenic 
bacteria  pass  through  septic  tanks  and  filters.  A  Cameron 
tank  and  contact  beds  at  Leeds  were  employed  in 
these    experiments.      Enormous    quantities    of    Bacillus 
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pyocyaneus  (the  microbe  of  green  pus)  were  added  to  the 
sewage  flowing  into  the  septic  tanks.  The  liquid  in  these 
was  examined  three  hours  after  the  inoculation  and  the 
mircobe  was  then  found.  The  effluent  from  the  contact 
beds  was  then  examined,  and  it  was  found  that  Bacillus 
pyocyaneus  was  present  in  it  immediately  after  the  first 
emptying  of  the  beds.  Therefore,  the  Cameron  method 
of  treating  sewage  did  not  eliminate  these  particular 
microbes.  It  ought,  however,  to  be  remembered  that  they 
were  present  in  the  original  sewage  to  a  relatively 
enormous  extent,  and  that  results  obtained  from  their  use 
do  not  necessarily  apply  to  the  typhoid  bacillus. 

The  conclusion  of  the  Eoyal  Commissioners  on 
Sewage  Disposal  (Report  4,  Vol.  I  (cd.  1883),  1904,  p.  xx) 
on  this  question  may  usefully  be  quoted  here.  "  The 
treatment  of  sewage,"  they  say,  "  according  to  methods 
at  present  in  use,  cannot  be  relied  upon  so  to  alter  its 
character  as  to  allow  of  its  discharge  in  the  immediate 
neighbourhood  of  shellfish  layings  without  incurring 
considerable  risks  of  disease  being  communicated  by  the 
consumption  of  shellfish  taken  from  such  layings.  In 
such  cases  the  sewer  outfall  must  be  removed  or  the  layings 
closed.  In  other  cases  where  (e.g.)  the  layings  are  at  a 
considerable  distance  from  the  outfall,  and  the  sewage 
would  be  largely  diluted  before  reaching  them,  treatment 
of  the  sewage  might  be  of  value  in  diminishing  risk." 

In  the  case  of  the  Morecambe  mussel  beds  we  have 
seen  that  this  latter  condition  is  satisfied  in  so  far  as  the 
main  sewer  outfall  is  concerned.  Given  good  administra- 
tion, and  supposing  that  the  taking  of  shellfish  from  the 
immediate  neighbourhood  of  the  outfall  is  not  practiced, 
then  it  appears  that  this  enormous  dilution  of  the  effluent 
does  take  place.  Danger  (if  such  exists)  is  to  be  appre- 
hended from  the  continued  existence  of  the  discharge  of 
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crude  sewage  from  the  old  outfall  sewers.  I  am  assured 
that  it  is  the  intention  of  the  Borough  Council  gradually 
to  connect  up  the  private  sewers  opening  into  these  main 
outfalls  with  the  main  sewerage  system.  Already  the 
Queen  Street  and  Calton  Terrace  sewer  systems  are  in 
hand,  and  soon  these  will  be  discontinued.  There  remain 
then  the  Midland,  Thornton  Road  and  Bare  sewer  systems. 
These  deliver  the  sewage  from  property  equivalent  to 
about  200  houses,  say  1,000  persons,  less  than  10  per  cent, 
of  the  estimated  population.  This  sewage  is  not  included 
in  the  present  purification  systems.  When  it  is  ultimately 
so  included,  there  is  no  doubt  that  the  present  degree  of 
risk  would  be  largely  minimised,  perhaps  practically 
removed. 


3. — Report  on  an  Examination  of  the   Mussel  Beds 

IN  THE  Estuary  of  the  Conway. 

On  August  15th,  1906,  a  preliminary  report  was  made 
to  the  Scientific  Sub-Committee  on  a  bacteriological 
analysis  of  two  samples  of  mussels  sent  to  me  from  the 
estuary  of  the  Conway.  It  was,  however,  considered 
desirable  that  a  more  exhaustive  analysis  and 
inspection  should  be  made,  and  on  October 
17th  Dr.  Jenkins  and  I  visited  Conway  for  the 
purpose  of  seeing  the  mussel  beds.  We  were 
accompanied  by  Dr.  Eraser,  Medical  Officer  of  Health  for 
the  Carnarvon  Combined  Sanitary  Districts,  Professor 
White,  of  Bangor  University  College,  and  Mr.  R.  Jones, 
the  Fishery  Officer  in  charge  of  the  District.  On  this 
occasion  we  saw  most  of  the  sewer  outfalls,  and  also 
collected  samples  of  mussels  from  various  places,  where 
men  and  women  were  working.  Samples  of  water  from 
the  river  were  also  taken.  It  was  found  impossible  to 
finish  the  inspection  on  that  day,  and  on  October  26th 
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Mr.  A.  Scott  and  I  landed  from  the  "John  Fell,"  met 
Mr.  R.  Jones,  and  saw  the  remainder  of  the  sewer  outfalls, 
and  took  further  samples  of  mussels  and  sea-water. 
Finally,  on  October  30th,  I  visited  Llandudno  and  saw 
the  sewer  outfalls  there.  I  am  obliged  to  Mr.  Delamotte, 
Surveyor  for  the  Borough  of  Conway,  and  to  Mr.  W. 
Little,  Sanitary  Inspector  for  Llandudno,  for  much 
assistance  with  regard  to  the  inspection  of  the  sewer 
outfalls. 

The  results  of  these  visits,  and  those  of  the  analyses 
made,  show,  I  think,  that  there  is  some  considerable 
degree  of  pollution  in  the  mussels  of  the  Conway  Estuary, 
both  from  the  river  between  the  Bridges  and  Deganwy 
and  from  the  Scars  below  the  latter  locality.  The 
pollution  is  not  excessive,  and  is  far  less  than  that  found 
in  mussels  from  some  other  places  in  the  Lancashire  and 
Western  Sea-Fisheries  District,  as,  for  instance,  Egremont 
in  the  Mersey;  though  it  is  greater  than  in  some  other 
uiussel  areas,  as  for  instance,  Morecambe.  The  area  over 
which  the  mussel  beds  and  the  sewer  outfalls  are  distri- 
buted is  a  comparatively  small  one,  and  the  pollution  is 
from  crude  sewage  and  is  of  recent  origin.  It  is  probable, 
then,  that  even  the  limited  degree  of  contamination  of 
these  shellfish,  which  has  been  observed,  is  of  some 
significance. 

I  do  not  think  that,  on  the  present  evidence,  the 
pollution  can  be  regarded  as  so  dangerous  as  to  necessitate 
drastic  measures.  To  justify  interference  with  this 
particular  industry,  topographical  and  bacteriological 
evidence,  indicating  more  serious  pollution,  would  be 
required.  It  is  also  an  insufficient  statement  merely  to 
say  that  mussels  derived  from  (say)  the  estuary  of  the 
Conway  had  produced  enteric  fever  in  (say)  Manchester. 
All  other  possibilities  of  contamination  between  the  date 
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of  gathering  from  the  mussel  beds  and  that  of  consump- 
tion would  have  to  be  excluded.  It  is  well  known  that 
mussels  are  sometimes  kept  by  the  dealers  for  a  consider- 
able time  before  being  sold.  Thus  an  enquiry  into  a  case 
of  ptomaine  poisoning  in  Liverpool  some  years  ago  showed 
that  an  interval  of  seven  days  had  elapsed  between  the 
dates  of  gathering  and  collection,  and  nine  days  between 
gathering  and  the  death  of  the  person  consuming  the 
mussels.  In  the  course  of  a  period  of  this  duration,  or 
even  of  less,  the  possibility  of  contamination  of  mussels, 
from  sources  other  than  the  natural  habitat  of  the  shell- 
fish, must  be  a  very  real  one.  Such  extraneous  contamina- 
tion is  all  the  more  possible  when  the  mussels  are  stocked 
by  the  lower  class  of  dealers. 

It  may  reasonably  be  urged,  however,  that  the  amount 
of  pollution  of  the  Conway  mussels  is  such  as  to  make  it 
most  desirable  that  some  measures  should  be  taken  to 
reduce  the  contamination  of  the  River  Conway — ^and, 
consequently,  of  the  mussels  there — as  far  as  is  possible. 
It  will  be  seen  that  seven  sewers  open  into  the  river  within  a 
very  limited  area,  and  these  do  not  represent  all  the 
contributing  sources  of  pollution.  In  the  construction  of 
the  existing  Conway  sewerage  systems,  as  in  that  of  many 
other  sea-side  towns,  the  nearest  and  most  convenient 
point  of  discharge  into  tidal  waters  has  been  chosen, 
without  much  regard  to  the  possibility  of  fouling  either 
shellfish  beds  or  foreshore.  At  Conway  the  sewage  is 
crude,  it  flows  continuously  into  the  river  and  in  some 
cases  spreads  itself  over  sand  or  mud  flats,  producing 
some  contamination  of  these.  Without  venturing  to 
express  an  opinion  on  points  of  sanitary  engineering,  I 
think  it  might  be  quite  practicable  to  take  steps  which 
would  do  away  with  much  of  the  evil  effects  of  the  present 
sewerage  system.     The  ('on way  mussel  industry  is  one  of 
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great  importance.     This  will  be  seen  from  the  following 
statement  supplied  by  Dr.  Jenkins :  — 

Return  of  mussels  landed  at  Conway  during  part 
of  the  year  1906 :  — 


Month. 

Amount. 

Value. 

Cwts. 

£ 

January 

2520 

302i 

February 

1948 

234 

March 

1267 

137 

April  to  August  ... 

—  (close  season) 

September 

3800        !! 

570 

October    ... 

5820 

730 

A  number  of  bags  of  mussels  were  lying  on  the  beach, 
packed  for  export,  on  the  occasion  of  our  first  visit.  These 
were  consigned  to  Manchester,  Leeds,  Huddersfield, 
Halifax  and  Nottingham. 

The  price  obtained  by  the  fishermen  varies  from  2s.  to 
48.  per  cwt.  Men  and  women  are  employed.  The  men 
usually  fish  from  open  boats  by  means  of  the  long  rake. 
The  women  gather  the  mussels  from  the  scars  by  hand.  I 
am  informed  that  many  of  the  women  are  employed  by  a 
local  fisherman,  who  pays  them  Is.  '3d.  per  bag,  for  the 
mussels  obtained. 

A  considerable  revenue  is  thus  yielded  by  the  mussel 
beds  in  the  Conway  river,  and  it  is  not  unreasonable  to 
suggest  that  some  public  expenditure  on  an  improved 
system  of  sewage  disposal  is  the  duty  of  the  local  authority 
and  would  be  justified  in  its  results. 

It  has  been  suggested  to  me  by  Mr.  Delamotte  that 
a  portion  of  the  river  might  be  closed  by  co-operation  with 
the  Harbour  Authority.  It  is  true  that  the  contamination 
is  pretty  general  and  affects  not  only  the  mussels  in  the 
river  near  the  Bridge,  but  also  those  in  the  Channel  below 
Deganwy.  But  the  prohibition  of  taking  mussels  from  the 
former   locality    would   at  least    exclude    those    shellfish 
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which  are  most  exposed  to  sewage  pollution.  If  such 
action  should  be  decided  upon,  marks  delimiting  the 
proposed  closed  area  could  easily  be  selected.  By  far  the 
greater  portion  of  the  mussels  sent  to  the  markets  are 
taken  from  below  Deganwy,  and  the  closing  of  the  upper 
beds  would  not  be  a  real  hardship. 

The  Conway  Sewerage  System. 

The  positions  of  the  principal  sewers  are  shown  on 
the  sketch  chart  (reduced  from  one  marked  by  Mr. 
Delamotte).  Seven  outfall  sewers  open  into  the  Conway 
river  between  Llandudno  Junction  and  the  Ferry.  Nos.  I. 
and  II.  discharge  the  sewage  produced  in  Conway  itself. 
Nos.  III.  and  IV.  supply  a  small  group  of  houses, 
including  the  Conway  Union  Workhouse,  at  Morfa, 
opening  into  a  small  stream  which  flows  over  a  mud  flat, 
and  opens  into  the  channel  at  Bodlondeb  Point.  On  the 
Deganwy  side  there  are  two  sewer  outfalls.  No.  V.  is 
situated  to  the  North  of  the  Pier.  This  outfall  formerly 
terminated  some  distance  above  low-water  mark,  and,  as 
it  was  producing  a  nuisance,  Dr.  Fraser  recommended  that 
the  pipe  should  be  carried  further  into  the  channel,  and 
this  has  now  been  done.  No.  VI.  serves  Tywyn  and  opens 
on  the  sands  some  distance  above  low-water  mark.  At  its 
extremity  the  sands  are  rather  foul.  No.  VII.  serves  the 
neighbourhood  of  Llandudno  Junction.  It  is  a  large  and 
fairly  important  outfall,  which  opens  into  a  little  stream 
which  runs  over  the  mud  flat  South  of  the  London  &  North 
Western  embankment,  and  opens  into  the  river 
immediately  above  the  Bridge.  It  is  carried  down  some 
distance  from  the  shore,  but  terminates  far  above  low- 
water  mark.  The  stream  itself  is  very  foul,  and  the  mud 
on  either  side  of  it  is  not  much  better.  The  mud  is  very 
soft,  and  immediately  beneath  the  surface  is  black  and 
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smells  badly.  I  should  compare  this  deposit  with  the 
sludge  in  a  sewage  purification  tank — in  kind  only; 
of  course  it  is  not  nearly  so  foul.  No  doubt  it 
has  become  thoroughly  permeated  with  sewage 
which  is  there  undergoing  putrefactive  purification, 
with  an  accompanying  deposition  of  the  amorphous 
black  substance  which  forms  the  sludge  of  a 
septic  tank,  and  with  the  liberation  of  sulphuretted 
hydrogen,  and  perhaps  marsh  gas.  Both  sewage  paper 
and  faecal  matter  were  very  much  in  evidence  in  this 
stream  and  on  its  banks.  Of  course,  this  outfall  and  area 
are  at  some  distance  from  the  larger  mussel  beds,  but  it 
must  contribute  to  the  pollution  of  the  rivers.* 

In  addition  to  these  sources  of  contamination  there 
must  be  others  further  up  the  Conway  river.  The  sewage 
of  some  of  the  villages  in  the  neighbourhood,  such  as 
Llanrwst,  Glan  Conway  and  Bettws-y-Coed,  must  be 
discharged  into  the  upper  reaches  of  the  Conway,  and  no 
doubt  contribute  notably  to  the  pollution  of  the  latter. 

The  sewers  I  have  referred  to  all  convey  crude  sewage 
and  discharge  continuously  into  the  river.  It  is  true  that 
tidal  flap  valves  are  fixed  at  their  ends,  but  I  question 
whether  these  fixtures  can  generally  act  in  preventing  the 
flow  of  liquid  from  the  pipes  when  the  latter  are  covered 
by  the  flood  tide.  In  some  cases  the  flaps  were  certainly 
choked  by  debris  of  various  kinds  and  could  not  have 
closed.  At  any  rate,  the  sewers  discharge  through  the 
period  of  ebb  tide  and  for  a  considerable  part  of  the  flood, 
since  their  outfalls  are  mostly  well  above  low-water  mark. 
It  is  especially  near  the  time  of  low  water,  when  the 
volume  of   the' river  is  small,    that  the   latter  becomes 

*  It  will  be  seen  from  the  Chart  that  the  short  stream  conveying 
this  sewage  into  the  Conway  opens  into  the  latter  immediately  above 
the  bridge.  Mussels  are  taken  from  just  this  part  of  the  river— in 
fact  almost  opposite  the  mouth  of  the  stream  referred  to. 
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polluted.  For  an  hour  before  low  water  the  sewage 
probably  does  not  pass  out  to  sea  and  must  be 
carried  up  the  river  with  the  next  flood.  A  considerable 
volume  of  polluted  water  must  then  simply  oscillate 
up  and  down  the  upper  reaches  of  the  river,  and  some  of 
it  must  pass  out  on  every  tide  over  the  mussels  at  the 
mouth  of  the  channel. 

The  population  of  the  Borough  of  Conway  is  about 
5,000.  Taking  the  usual  constant  of  water  supply  of  25 
gallons  per  head  for  24  hours,  we  find  that  125,000  gallons 
of  crude  sewage  is  discharged  per  24  hours — an  estimate 
which  does  not  include  the  contribution  from  the  popula- 
tion further  up  the  river. 

It  was  suggested  to  us  during  our  first  visit  that  the 
sewage  from  Llaiidudno  might  possibly  affect  the  Conway 
area.  At  Llandudno  there  are  three  outfall  sewers  which 
open  out  on  the  foreshore  to  the  South  of  Great  Orme's 
Head.  Two  of  these  outfalls  discharge  rain  and  surface 
land  water,  and  need  not  be  considered.  The  third  conveys 
the  sewage  of  Llandudno.  It  consists  of  two  iron  pipes 
which  pass  out  over  the  sands,  supported  on  piles,  to  a 
buoy  which  is  at  low-water  mark  of  ordinary  tides.  These 
two  pipes  are  connected  and  have  a  single  outfall.  They 
are  shown  on  the  Admiralty  Chart  (Holyhead  to  Liverpool 
— Western  Sheet),  but  I  am  informed  that  about  two 
years  ago  the  lower  end  of  the  pipe  became  sanded  up, 
and  about  150  yards  were  added  to  the  length.  When  I 
saw  this  outfall  there  were  absolutely  no  indications  of 
sewage  matters  on  the  foreshore  as  far  down  the  length  of 
the  pipe  as  we  could  go.  Automatic  valves  at  the  end  of 
the  pipe  and  at  the  penstock  chamber  at  the  beach  end 
open  and  close  when  the  tide  turns,  not  merely  when  the 
end  of  the  pipe  is  bared  or  covered,  but  when  the  stream 
changes.     The  sewage  is  thus  discharged  only  on  the  ebb 
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tide.  To  accommodate  the  flow  when  the  valve  is  cloaed, 
underground  tanks,  or  culverts,  have  been  constructed, 
which  contain  the  sewage  while  the  flood  tide  lasts. 
Whenever  the  state  of  the  tide  permits,  these  culverts  are 
regularly  scoured  by  men  to  prevent  the  accumulation  of 
sludge.  The  tide,  on  the  ebb,  sets  round  Great  Orme's 
Head  and  out  to  sea,  and  the  sewage  is  carried 
in  this  direction.  Mr.  Little,  Sanitary  Inspector  of 
Llandudno,  informs  me  that  this  course  of  the  sewage  can 
actually  be  traced  by  observing  the  oily-looking  appear- 
ance of  the  water  as  it  rises  to  the  surface.  The 
Llandudno  sewerage  system  appears  to  be  remarkably 
well  designed.  Of  course  it  might  be  treated,  but 
in  this  case  the  necessity  is  not  so  strong.  I  do  not 
think,  therefore,  that  it  can  reach  Conway  Estuary  unless 
very  exceptionally,  as,  for  instance,  on  the  very  last  of 
the  ebb  and  with  the  driving  force  of  a  strong  N.W.  wind. 
In  any  case,  the  dilution  on  the  flowing  tide  would  be  so 
enormous  that  appreciable  pollution  at  D^anwy  could 
hardly  occur  as  the  result  of  Llandudno  sewage. 

The  estimated  population  of  Llandudno  is  about 
10,500,  and,  taking  the  water  supply  as  25  gallons  per 
head,  the  daily  discharge  of  sewage  is  about  262,500 
gallons.     The  sewage  is  untreated. 

Baoteriologioal  Analyses. 

The  methods  followed  were  similar  to  those  employed 
in  the  analyses  of  the  Morecambe  mussels,  except  that  in 
the  case  of  the  Conway  mussel  a  period  of  20  hours  only 
elapsed  between  the  inoculation  and  counting  of  the 
primary  plates;  this  because  of  the  rapid  growth  of  the 
colonies.  The  samples  were  brought  back  to  Liverpool 
late  at  night  and  kept  in  ice  for  about  12  hours,  when 
they  were  examined. 
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Two  separate  series  of  analyses  were  made.  The 
results  of  the  first  (mussels  and  water  collected  about 
4  p.m.,  17th  October,  1906),  are  as  follows :  — 

1st  Analysis. 

Primary  Cultures  on  Neutral-Red,  Bile-salt,  Lactose 

Agar  Plates. 


Locality. 

Massel 

No.  of  Colon-like  Coloniei. 

White 
Colonies. 

Enteritidis 
reaction. 

Mi(Jdle  of 

1 

...     4 

0 

...   + 

River  below  ... 

2 

...  28,  1  large  batch  ... 

0 

Bridge 

3 

...  30,  1  long  streak  . . . 

0 

•  «  • 

4 

...  26 

0 

Off  Deganwy    . . . 

5 

...  16  and  general 

0 

— 

just  below 

fusion 

Pier 

6 

...  73 

5 

•  •  • 

7 

...  15  and  general 
fusion 

0 

..   + 

8 

...  20  and  2  long 
streaks 

1  streak . 

Well  below 

9 

...  45,  some  fusions  . . . 

1 

..   +' 

Deganwy 

10 

...  51 

1  patch  . 

•  •  • 

11 

...  38 

0 

...   + 

12 

...  15 

0 

Opposite  Perch... 

13 

...  28  (not  so 

0 

..   + 

in  Channel    . . . 

typical) 

14 

...  34 

1  patch  . 

15 

. . .  Numerous  and     . . . 
fused 

0 

...      4- 

16    ...  25 


0 


In  the  case  of  Mussel  3,  the  milk  tube  was  discoloured. 

Fourteen  of  these  colonies  identified  as  **  colon-like  '' 
were  then  examined  further  in  pure  subculture,  with  the 
following  results :  — 
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Results  of  Tertiary  Subcultures  from  Primary 

Plates. 


Mnssel.      Bile-salt. 

Qlucose 

Laotbse.  Mannose.  Cane  Bogar. 

Milk.      ] 

Siiotuit: 

1 

a 

a 

...     a 

a 

a 

•  •  • 

d      .. 

.     + 

2 

ag   . 

..    ag 

...  ag 

ag 

0 

•  •  • 

ac   .. 

.     + 

3 

ag  • 

.•     ag 

...  ag 

a  g 

d 

•  •  • 

ac   .. 

.     + 

4 

ag  • 

..     ag 

...  ag 

ag 

0 

•  •  • 

ac    .. 

.     + 

5 

a     . 

a 

...     a 

0 

a 

•  •  • 

a    .. 

— 

6 

ag  . 

•     ag 

...       0 

a 

a 

•  •  • 

d    .. 

.  + 

7 

ag   • 

a 

...     o 

a 

a 

•  •  • 

d    ... 

?+ 

8 

ag  . 

..     ag 

...  ag 

ag 

ag 

•  •  • 

ac    .., 

9 

ag  . 

..     ag 

...     a 

ag 

a 

•  •  • 

a     ... 

+ 

9 

ag   . 

..     ag 

...  ag 

ag 

o 

•  •  • 

ac    ... 

+ 

10 

ag  . 

..     ag 

...  ag 

ag 

ag 

•  •  • 

ac    ... 

+ 

11 

ag   . 

..     ag 

...  a  g 

ag 

o 

•  •  • 

a  c    . . . 

+ 

11 

ag  . 

..     ag 

...  ag 

ag 

a 

•  •  • 

ac    ... 

+ 

12 

ag   . 

..     ag 

...  a  g 

a  g 

ag 

•  •  • 

ac    ... 

+ 

Of  these  colonies  1,  5,  6,  7,  8  and  9  are  not  those  of 
JB.  coli.  But  eight  give  the  reactions  which  I  associate 
with  the  typical  colon  bacillus. 
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2in)  Analysis. 

On  this  occasion  only  one  sample  of  mussels  was 
collected.  The  boats  were  working  down  below  Deganwy 
and  we  obtained  a  freshly  raked  sample  from  one  of  them. 
Ten  mussels  were  examined  as  before,  with  the  following 
results :  — 


'ussel 

No.  of  "colon-like" 

No.  of  white 

Enteritidis 

colonies. 

colonies. 

reaction. 

1 
2 
3 
4 

...  29,  1  large  patch 
...  62,  several  patches 
...  51 ,  large  fused  patch  . . . 
...  22 

0 

0 

0 

17,  several 

...       4- 

•  •  • 

..     + 

•  •  • 

5 
6 

7 
8 

...  50,  1  patch 
...  19,  1  patch 
...  41,  several  patches 
...  48,  some  fused 
streaks 

patches 
2 
1 
0 
0 

1 

-r 

•  ■  • 

...    + 

•  •  • 

9 
10 

. . .  22,  several  patches 
...  34,  several  large 
patches 

0 
0 

...    + 

•  •  • 

Subcultures    of    these    colonies    gave    the   following 
results :  — 

2nd  Analysis. 

Kesults  of  Tertiaby  Subcultures  from  Primary 

Plates. 


MuHsel.       Bile-italt.      Glucose.      Lactose 

..  a  g 

..  ag 

..  a  2 

..  o 
o 

..  ag 

..  a 

..  a  g 

••  a  g 


i 

•     »^' 

...     ag 

•     ag 

...     ag 

3     .. 

•     ag 

...     ag 

4     .. 

a 

a 

5     .. 

a 

a 

6     .. 

.     ag   . 

..     ag 

7     .. 

a 

a 

8    .. 

•     ag   . 

..     ag 

10    .. 

•     ag  . 

..     ag 

.  Mannose.  ( 

/ane  sugar.    Milk. 

...  ag  .. 

.  a  g   ...  ac    . 

...  ag   .. 

0 

. . .  a  c    . 

...  ag   .. 

a 

...  a  c    . 

...     a     ... 

a 

..     a     . 

...     o     ... 

0 

o    . 

...  ag   .. 

0 

...  a  c    . 

...     a     ... 

a 

...  a  c    . 

...  ag   ... 

0 

..  ac    . 

...  ag   ... 

a 

..  ac    . 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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The  colony  from  mussel  4  was  a  typical  white  colony. 
Those  from  mussels  5  and  7  were  "  colon-like  '*  colonies. 
Those  from  mussels  1,  2,  3,  6,  8  and  10  are  typical  colon 
bacilli.  The  others  are  not  this  microbe.  Six  colonies 
out  of  nine  are  therefore  Bacillus  coli.  The  white  colonies 
on  these  and  the  next  series  of  plates  are  being  studied 
further. 


Sea-water  Analyses. 

On  our  first  visit  two  samples  of  water  were  taken : 
one  from  off  the  Scar  opposite  the  beach  and  the  other 
from  near  the  Bridge.  These  were  diluted  so  that  various 
solutions  of  different  strengths  were  obtained,  and  cultures 
were  made  in  neutral-red,  bile-salt,  lactose  agar.  The 
results  are  as  follows :  — 


Off  Scar,  opposite 
Perch 


Near  Bridge 


Amount  of 
original  water 
sample  taken. 

1  C.C. 
0- 1  CO. 
001  C.C. 
0-001  C.C. 

1  C.C. 

01  C.C. 
0-01  C.C. 
0-001  C.C. 


No.  of  colon - 
like  colonies. 

16 

1 

1 

sterile 

19 
2 

sterile 
sterile 


On  our  second  visit  three  samples  of  water  were 
taken :  one  from  below  Deganwy,  one  from  off  Bodlondeb 
Point,  and  one  from  opposite  Conway.  The  samples  were 
collected  in  500  cc.  bottles.  One  cc.  was  taken  from  near 
the  top  of  each  bottle,  and  1  cc.  from  the  bottom  layer. 
These  were  examined  as  before,  with  the  following  results : 
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Source.  No.  of  colon-like 

colonics  in  1  cc. 


Below  Deganwy 
Off  Bodyondeb  Point 

))  it 

Channel,  opposite  Conway 


»>  »» 


6 
5 
31 
23 
77 
63 


Photographs  of  these  Plates  are  shown  in  PI.  III. 

These  water  analyses  show  some  considerable  general 
pollution  of  the  river  and  channel.  The  first  series  was 
taken  about  low  water  of  a  spring  tide  and  the  pollution 
at  Deganwy  is  noticeable.  There  is  practically  no 
difference  in  the  bacteriological  condition  of  the  water  at 
the  Bridge  and  far  down  the  river.  This,  I  take  it,  is 
because  of  the  rapid  tidal  stream  which  has  thoroughly 
mixed  up  the  water  in  the  river.  In  the  second  analysis, 
however,  we  see  a  considerable  difference  in  the  degree  of 
contamination  of  the  river  water.  The  nearer  the  Bridge 
the  greater  is  the  contamination.  These  samples  were 
taken  about  an  hour  before  low  water  on  a  neap  tide,  when 
the  velocity  of  the  stream  in  the  river  was  not  so  great  as 
on  the  previous  occasion. 

It  would,  of  course,  be  desirable  to  carry  these 
investigations  of  the  pollution  of  the  river  water  by 
sewage  bacteria  much  further  than  has  been  possible  on 
these  occasions.  But  so  far  as  they  go  they  indicate  the 
pollution  of  the  river  water  from  above.  They  also  show, 
I  think,  an  undesirable  amount  of  sewage  bacteria  in  the 
water  of  the  river. 


4. — ^Analysis 
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OF    Mussels     from 
Inner  Scar. 


BOOSEBECK 


On  28th  November,  1906,  Mr.  A.  Scott  sent  me  a 
sample  of  mussels  from  Roosebeck  Inner  Scar,  near  Piel, 
Barrow-in-Furness.  At  the  time  of  collection  the  scar 
was  being  fished  by  a  few  men  to  the  extent  of  about 
(iO  bags  per  month.  It  is  of  little  importance  as  a  source 
of  supply  for  the  public  markets,  as  it  is  a  small 
scar  and  is  only  occasionally  fished.  But  its  position  is 
such  as  would  justify  one  in  stating  that  the  shellfish 
contained  on  it  are  reasonably  free  from  pollution.  In 
these  circumstances  we  thought  it  might  be  interesting  to 
make  a  preliminary  analysis. 

Ten  mussels  were  examined  in  the  usual  way  and 
with  all  necessary  precautions.  The  results  are  as 
follows :  — 

Results  of  Primary  Cultures  on  Neutral-Red 

Agar  Plates. 


Bsel. 

"  CJolon-like  "  Colonies. 

White 
Colonies. 

Entcritidis 
reaction. 

1     .. 

20,  several  patches 

0    ... 

+ 

2    .. 

45,  several  patches 

0    ... 



3    ... 

9 

0    ... 

+ 

4    ... 

9 

0    ... 

+ 

5    ... 

2 

0    ... 

+ 

6    ... 

24,  several  patches 

0    ... 

+ 

7     ... 

28 

0    ... 

+ 

8    ... 

13 

0    ... 

+ 

9     ... 

3 

0    ... 

+ 

0    ... 

9 

0    ... 

No  change. 

Ten  of  these  ''  colon-like  ''  colonies  were  then  selected 
and  cultivated  on  ordinary  nutrient  agar,  and  then 
tertiary  sub-cultures  were  made.  The  results  of  these 
latter  sub-cultures  are :  — 
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Besttlts  of  Teetiaey  Sub-cultubes. 


osmI. 

Bile-aalt 

Olacose. 

liftotose. 

Mannose. 

Cane  Sugar. 

Milk. 

1 

...     ag 

ag   ... 

ag  ... 

ag  .. 

0 

a 

2 

...     ag 

ag   ... 

ag   ... 

ag   ... 

0 

ac 

3 

...     ag 

ag   ... 

ag   ... 

ag  ... 

0 

ac 

4 

...     ag 

ag   ... 

ag   ... 

ag   .. 

0 

ac 

5 

a 

a    ... 

a    ... 

a     .. 

0 

a 

6 

...    ag 

ag   ... 

ag   ... 

ag    .. 

.      0 

ac 

8 

...     ag 

ag   ... 

ag   ... 

ag   .. 

.      0 

a  c 

9 

...    ag 

ag   ... 

ag   ... 

ag   .. 

.      0 

ac 

10 

...     ag 

ag   ... 

ag   ... 

ag   .. 

0 

ac 

10 

...     ag 

ag   ... 

ag   ... 

ag   .. 

.      0 

ac 

All  these  colonies,  except  Nos.  1  and  5,  are,  therefore, 
those  produced  by  Ba<^illus  colt,  or  by  a  very  closely  allied 
organism. 

Conclusion. — The  results  indicate  a  certain  degree  of 
sewage  pollution.  This  is,  indeed,  slight — so  slight  as  to  be 
certainly  insufficient  to  justify  any  degree  of  interference 
with  the  local  industry,  unless  other  evidence  were  forth- 
coming which  might  render  these  bacteriological  results 
of  significance.  Now  it  is  here  that  one  might  expect 
freedom  from  sewage  contamination.  There  are  only  two 
neighbouring  towns,  Barrow  and  Ulverston,  the  influence 
of  which  need  be  considered,  and  the  situation  of  these 
places  with  respect  to  Boosebeck  Scars  is  not  such  as  to 
lead  us  to  expect  serious  pollution  of  the  latter,  especially 
when  the  direction  of  the  tidal  streams  is  considered. 
Nevertheless,  sewage  bacteria  are  carried  to  the  mussels. 
1  can  only  suggest  that  the  sea  all  along  the  coast  of 
Lancashire  is  generally  slightly  polluted  with  sewage 
matters,  and  that  it  is  this  general  pollution  of  the  sea 
water  which  is  the  cause  of  the  contamination  in  cases 
like  the  present  one. 

To  what  extent  does  the  sea  contain  sewage  bacteria? 
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Investigations  have  not,  so  far,  been  made  in  tlie  Irish 
Sea,  and  we  have  thus  no  means  of  ascertaining  how  far 
the  pollution  in  any  specific  case  is  due  to  this  supposed 
general  contamination.  It  is  because  one  is  unable 
precisely  to  separate  the  effects  of  this  general  (and 
probably  harmless)  contamination  from  local  and  always 
potentially  dangerous  pollution  that  there  must  frequently 
be  difficulty  in  interpreting  such  results  as  this  analysis 
gives.  A  thorough  examination  of  the  distribution  of 
colon  bacilli  in  the  coastal  waters  of  Lancashire  would 
undoubtedly  be  of  practical  value. 


Explanation  of  Plate  and  Chaets. 

Chart  V. — Chart  of  the  sea  near  Morecambe,  shewing 
mussel  beds  and  sewers. 

Cliart    VI  — Similar  chart  of  the  Conway  Estuary. 

Plate  X.  —  Three  cultures  made  by  inoculating 
1  CO.  of  river  water  in  neutral  red,  bile-salt  lactose  agar. 
Photograph  by  A.  Scott,  slightly  reduced. 
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INTRODUCTION  AND  GENERAL  ACCOUNT  OF 

THE  WORK. 

On  account  of  my  mission  to  the  Ceylon  pearl  banks 
in  February  and  March,  this  Report  does  not  appear  this 
year  until  a  few  weeks  later  than  the  usual  date.  There 
are,  however,  advantages  in  the  slight  delay,  since  it  has 
enabled  one  or  two  of  the  sections  to  be  more  thoroughly 
worked  up.  Moreover,  as  this  report  deals  with  the 
completed  work  up  to  the  end  of  1907,  it  really,  in  going 
to  press  in  April,  is  appearing  in  very  good  time  compared 
with  the  usual  practice  of  most  Annual  Reports. 


Work  at  Piel. 

There  is  comparatively  little  that  need  be  said  about 
the  work  at  the  Piel  laboratory  and  hatcherv.  Mr. 
Scott's  section  of  the  report  (see  below)  will  show  that  ho 
has  successfully  hatched  and  turned  out  into  the  sea 
about  thirteen  and  a  half  millions  of  young  flat  fish. 
He  reports  to  me  that  the  spawning  fish  he  now  has  are 
in  satisfactory  condition  and  that  the  prospects  for  the 
present  season  are  good. 

The  fishermen's  classes  were  held  at  the  Piel 
Laboratory  in  the  usual  manner  and  with  the  usual 
success.  One  of  the  results  of  the  continued  success  of 
these  classes,  and  of  our  natural  desire  to  hold  as  many 
of  them  as  is  possible  in  the  season,  is  that  our  two 
scientific  assistants,  Mr.  Johnstone  and  Mr.  Scott,  are 
occupied  in  this  work  during  that  period  of  the  year  when 
the  principal  food-fishes  are  spawning,  when  the  eggs 
are  appearing  in  our  surface  nets  and  other 
changes  are  taking  place  in  the  floating  life  of  the  sea. 
I  feel  that  it  is  a  distinct  loss  to  us  that  these  naturalists 
are  prevented  at  that  important  part  of  the  year  from 
taking  almost  daily  observations  from  the  steamer. 
When  we  get,  as  I  hope  we  soon  shall,  an  increase  in  our 
investigating  staff  it  will  be  very  important  to  have  one 
naturalist  at  least  on  the  steamer  constantly,  engaged  in 
carrying  on  investigations  and  in  recording  observations 
daily. 

Mr.  Scott  contributes  a  section  of  this  report  on  the 
results  of  the  Hensen  net  hauls  undertaken  in  the  eastern 
portion  of  the  Irish  Sea  between  Barrow  and  North 
Wales.  These  results  are  interesting  not  only  for 
comparison  amongst  themselves,  station  with  station  and 
period  with  period  throughout  the  year,  but  also  because 


of  the  considerable  differences  that  they  present  to  the 
hauls  made  with  the  Hensen,  Nansen  and  other  forms  of 
net  off  Port  Erin  and  elsewhere  round  the  South  end  of 
the  Isle  of  Man. 

As  Mr.  Scott  points  out,  we  have  during  this  last 
year  collected  and  examined  more  than  twice  as  many 
gatherings  as  in  any  previous  year.  The  Plankton 
discussed  in  last  year's  report  amounted  to  400  samples ; 
this  year  it  has  run  up  to  nearlv  900.  The  increase  is, 
however,  due  not  so  much  to  work  in  the  Lancashire 
district  as  to  the  very  large  number  of  samples  which  I 
took  with  various  kinds  of  experimental  nets  from  the 
S.Y.  **  Ladybird  *'  during  the  spring,  summer  and  autumn 
of  the  past  year.  The  results  of  these  experimental  hauls 
are  recorded  on  126  sheets,  many  containing  records  of 
from  five  to  ten  hauls  each.  The  total  number  of  hauls 
by  means  of  which  we  have  sampled  in  this  manner  the 
water  round  the  South  end  of  the  Isle  of  Man  amounts  to 
about  650.  This  large  series  has  enabled  Mr.  Scott  and 
myself  to  discuss  the  succession  of  organisms  in  the 
Plankton  throughout  the  year  in  a  limited  area,  and  also 
the  distribution,  and  relative  numbers  at  different  times 
and  places,  in  a  manner  which  had  not  been  previously 
possible  to  us.  This  is  only  the  beginning  of  such  an 
intensive  study  of  small  areas  as  will  be  necessary  before 
we  can  arrive  at  any  correct  estimate  of  the  value  and 
representative  nature  of  such  samples. 

Mr.  Buchanan-Wollaston,  who  has  been  carrying  on 
fishery  work  in  the  University  Laboratories,  under  a 
grant  from  the  Board  of  Agriculture  and  Fisheries, 
contributes  a  couple  of  short  papers  to  this  report  as  the 
result  of  his  examination  of  the  statistics  we  have 
accumulated  during  the  last  fifteen  years.  Although 
these  statistics  seem,  at  first  sight,  to  be  large  in  quantity, 


on  examination  it  is  found  that  so  many  gaps  occur  in 
the  series  that  they  are  not  so  complete  and  not  so 
valuable  for  scientific  purposes  as  mip^ht  have  been 
expected.  It  is  very  unfortunate  when  a  series  of 
observations  is  deprived  of  much  of  its  value  throup^h 
some  monthly  observations  having  been  omitted  on 
account  of  the  steamer  being  called  off  to  other  duties. 
Every  endeavour  ought  to  be  made,  now  that  we  are 
starting  work  with  a  new,  more  powerful  and  more 
scientifically-equipped  vessel,  to  carry  out  the  periodic 
observations  with  punctuality  in  order  that  the  statistics 
acquired  may  be  of  the  greatest  possible  value — not 
merely  for  our  own  immediate  purposes  but  also  for  the 
benefit  of  future  fishery  administrators. 

Dr.  H.  Bassett,  of  our  University  Chemical  Depart- 
ment, has  most  kindly  for  the  last  couple  of  years 
undertaken  the  physico-chemical  work  in  connection  with 
the  examination  of  the  samples  of  sea  water  obtained  on 
the  periodic  hydrographic  cruises,  and  he  now  contributes 
to  this  report  a  paper  on  his  results  which  is  of  very  great 
interest ;  and  shows  that  this  work  ought  certainly  to  be 
continued  and  extended. 

Mr.  Johnstone  has  been  engaged  during  the  year  in 
his  usual  important  work  on  the  bacteriological  examina- 
tion of  the  shell-fish  beds  of  the  district,  but  is  not  vet 
prepared  to  report  further  on  the  matter.  He  has  also 
been  engaged  in  working  up  the  results  of  the  marked 
fish  experiments,  and  has  continued  to  devote  attention  to 
the  parasites  of  fishes  in  the  district,  and  we  have  from 
him  in  this  report  articles  on  these  two  latter  questions, 
to  which  I  need  not  allude  further. 

I  have  pleasure  in  appending  to  the  report  this  year 
a  comprehensive  memoir  on  Cancer — the  Edible  Crab, 
written  by  Mr.  Joseph  Pearson,  M.Sc.  of  the  Zoological 
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Department  of  the  University.       Mr.  Pearson  has  been 

working  on  this  Memoir  for    several  years,  part  of  the 

expenses  of  his  material  being  met  by  a  grant  fcom  the 

Board   of   Agriculture   and   Fisheries,    and    part    of   the 

expense  of  producing  the  beautiful  plates  which  illustrate 

the  structure  and  life-history  of  the  Crab  being  met  by  a 

grant  from  the  fund  for  research,  placed  at  the  disposal 

of  the  University  by  H.M.  Treasury,  while  the  remainder 

of  the  cost  of  the  plates  will  be  defrayed  by  the  Liverpool 

Marine  Biology  Committee.     Mr.  Pearson  has  discussed 

his  subject  from  practically  every  point  of  view  and  has 

produced  an  account  of  the  Crab  which  will,  I  hope,  be 

regarded   as   the   authoritative   work   on   this    important 

food-animal,  and  will,  I  am  sure,  be  a  credit  to  our  report 

and  to  the  Sea  Fisheries  C-ommittee  under  whose  auspices 

it  is  produced. 

W.  A.  Headman. 
Fisheries  Laboratory, 

University  of  Liverpool, 

February  5,  1908. 
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SEA-FISH  HATCHING  AT   PIEL. 
By  Andrew  Scott. 

The  results  of  the  hatching  work  in  the  spring  of 
1907  are  very  similar  to  those  obtained  in  the  previous 
year.  The  adult  plaice  were  brought  from  Luce  Bay 
by  the  Fisheries  steamer  and  the  flounders  from  the 
Barrow  Channel  by  the  cutter  belonging  to  the  northern 
division  of  the  district. 

The  plaice  and  flounders  commenced  to  spawn  on 
March  2nd,  and  the  first  fertilised  eggs  were  secured  two 
days  later.  The  spawning  period  lasted  for  two  months, 
and  during  that  period  one  million  four  hundred  thousand 
plaice  eggs  were  collected  and  thirteen  million  eight 
hundred  thousand  flounder  eggs.  The  eggs  were 
incubated  in  the  usual  way  in  the  Dannevig  apparatus 
and  the  resulting  fry  liberated  in  the  sea.  The  parent 
fish  were  afterwards  set  free  in  the  Barrow  Channel. 
Towards  the  end  of  the  year  the  local  fishermen  again 
reported  the  capture  of  unusually  large  plaice  from  the 
channel.  It  is  proposed  during  the  present  year  to  find 
out  whether  the  adult  plaice  liberated  at  the  end  of  the 
hatching  season  remain  in  the  channel  and  are  eventually 
captured  or  entirely  leave  the  neighbourhood.  Before 
being  set  free  a  number  of  the  stronger  plaice  will  be 
marked  with  the  brass  label  and  button  as  in  an  ordinary 
migration  investigation,  and  no  doubt  the  local  fishermen 
will  be  glad  to  assist  by  returning  any  marked  fish  that 
they  capture. 

The  following  tables  give  the  number  of  eggs 
collected,  and  of  the  fry  hatched  and  set  free  on  the  dates 
specified :  — 


Plaice  (Pleuronectes  platessa,  Linn.). 


Eggs  Collected. 

Fry  Set  Free. 

March 

I    4     .. 

.     12,000 

10,000     .. 

.     March  30 

>» 

6     .. 

.     20,000 

17,500     .. 

»» 

II 

1) 

8     .. 

20,000 

17,500     .. 

April 

6 

i» 

11     .. 

.     40,000 

35,000     .. 

»» 

If 

)> 

14     .. 

.     45,000 

40,000     .. 

II 

13 

»> 

18     . 

..     65,000 

57,500     .. 

i» 

II 

n 

20     . 

..     65,000 

57,500     .. 

»f 

20 

»» 

2-2     . 

. .     75,000 

65,500    .. 

II 

II 

>» 

26     . 

..     90,000 

79,500     .. 

II 

II 

»» 

29     . 

..     90,000 

79,500     .. 

II 

27 

April 

1     . 

..     95,000 

84,500     . . 

•        »» 

»i 

Y» 

3     . 

. .     95,000 

84,500     .. 

11 

II 

l» 

5     . 

..     95,000 

84,500     .. 

May 

4 

»f 

8     .. 

..     90,000 

79,500     .. 

•        II 

11 

If 

11     . 

.     85,000 

75,000     .. 

II 

11 

»» 

15     . 

..     85,000 

75,000     .. 

II 

II 

>» 

17     . 

..     80,000 

70,000     .. 

i» 

fi 

>» 

19     . 

..     70,000 

62,000     .. 

II 

18 

*f 

22     . 

..     60,000 

52,500     . . 

II 

II 

J» 

24     . 

.     50,000 

40,000     .. 

•        II 

II 

»» 

26     . 

. .     30,000 

26,500     .. 

II 

22 

»l 

29     . 

. .     25,000 

22,000     .. 

II 

II 

May 

1     . 
[Eggs 

..     18,000 

15,500     .. 

II 
Dotal  Fry. 

II 

Total 

1,400,000 

1,231,000    ^ 
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Floundkb  (Pleuronectes  Jlesus,  Linn.). 


Eggs  Collected. 

Fry  Set  Free. 

March 

I   4 

...      150,000 

133,000     .. 

.   March  30 

>» 

6 

...     200,000 

177,000     .. 

»» 

tt 

»» 

8 

...     300,000 

266,000     .. 

It 

tt 

»» 

12 

...     400,000 

355,500     . . 

.  April 

6 

tt 

14 

. . .     600,000 

532,000     .. 

»f 

It 

tt 

18 

...     600,000 

532,000     .. 

»» 

It 

»» 

20 

...     700,000 

622.000     .. 

i» 

13 

ti 

22 

...     800,000 

712,000     .. 

•       i» 

»» 

tt 

26 

...     800,000 

712,000     .. 

»» 

»i 

tt 

29 

...     950,000 

846.500     .. 

•      »i 

20 

April 

1 

...1,000,000 

887,000     .. 

•      »» 

tt 

tt 

3 

...1,000,000 

887,000     .. 

tt 

tt 

ff 

6 

...     900,000 

800,000     .. 

•      »» 

27 

tt 

8 

. .     800,000 

712,000     .. 

i» 

)> 

tt 

11 

. . .     800,000 

712,000     .. 

May 

4 

It 

16 

...     800,000 

712,000     .. 

»» 

»f 

tt 

17 

...     600,000 

532,000     .. 

»» 

i» 

tt 

19 

...     600,000 

532,000     .. 

»» 

11 

tt 

22 

. . .    500,000 

445,000     .. 

»» 

tt 

tt 

24 

...     500,000 

445,000     .. 

»i 

tt 

tt 

26 

...     200,000 

177,500     .. 

»» 

18 

it 

29 

...     200,000 

177,500     .. 

»» 

It 

May 

1 

...     150,000 

133,000     .. 

•      j» 

22 

tt 

3 

...     150,000 

133,000     .. 

»i 

i» 

tt 

5 

I  Egg 

otai: 

. . .     100,000 

89,000     .. 

>» 
otal  Fry. 

200,000 

»» 

Total 

8  13,800,000 
dumber  of  Eggs 

12,262,000    T 

T 

"1  ft  f 

Total  Number  of  Fry 

13  4 

t93,000 
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CLASSES,   VISITORS,   Ac,   AT  PIEL. 
By  Andrew  Scott. 

Following  the  system  that  has  now  been  in  operation 
for  several  years,  the  Education  Committee  of  the 
Lancashire  County  Council  renewed  the  grant  which 
enabled  forty-five  bona-fide  fishermen  residing  in  the 
Administrative  County  of  Lancaster  to  attend  a  course  of 
instruction  at  Piel  in  1907.  The  Blackpool  Education 
Committee  again  sent  three  men,  and  the  Cheshire  Educa- 
tion Committee  six  men  from  Hoylake.  The  studentship 
holders  were  divided  into  four  classes,  three  of  fifteen 
each  and  one  of  nine  men,  as  shown  by  the  following 
lists :  — 

First  Class,  held  February  25th  to  March  9th. — John 
Randies,  Hoylake :  Sydney  Beck,  Hoylake ;  Thomas 
Nicholson,  Hoylake ;  J.  Bird,  Hoylake ;  William  Smith, 
Hoylake ;  R.  Jones,  Hoylake ;  Daniel  Cross,  Askam-in- 
Furness;  A.  Woodhouse,  Morecambe;  M.  Woodhouse, 
Morecambe ;  R.  Baxter,  Morecambe ;  N.  Sumner,  Fleet- 
wood;  W.  Cartmell,  Fleetwood;  R.  Gornall,  Fleetwood; 
H.  Johnson,  Banks;   T.  Leadbetter,  Banks. 

Second  Class,  held  March  11th  to  22nd. — G. 
Thompson,  Roosebeck ;  T.  Stephenson,  Flookburgh; 
H.  Townlev,  Morecambe;  J.  Raby,  Morecambe;  A. 
Woodhouse,  Morecambe ;  S.  Butler,  Fleetwood ; 
J.  Abram,  Fleetwood;  W.  Leadbetter,  Fleetwood; 
W.  Wade,  Fleetwood ;  W.  Hardman,  Lytham ;  A.  Ander- 
son, Lytham ;  E.  Rimmer,  St.  Annes;  W.  Harrison,  St. 
Annes ;  Stephen  Johnson,  Banks ;  A.  Abram,  Banks. 

Third  Class,  held  April  8th  to  19th.— Edward  Martin, 
Baycliff;  Thomas  Thompson,  BayclifE;  Albert  Hill, 
Flookburgh ;  William  Benson,  Flookburgh ;  Albert 
Threlfall,    Morecambe ;     John    Houghton,    Morecambe ; 
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John  Woodhouse,  Morecambe ;  Robert  Bell,  Morecambe ; 
James  Butler,  Glasson  Dock ;  John  Hardie,  Fleetwood ; 
James  McMillan,  Fleetwood;  Joseph  Price,  Fleetwood; 
Ernest  Railton,  Fleetwood ;  John  Abram,  Banks ; 
Geoffrey  Wareing,  Banks. 

Fourth  Class,  held  April  22nd  to  May  3rd. — David 
Rawlinson,  Roosebeck ;  James  Burrow,  Bolton-le-Sands ; 
W.  Lawrence  Fawcett,  Morecambe;  John  Burrow,  jun., 
Heysham ;  William  Hargreaves,  Knott  End,  Fleetwood ; 
John  Bridge,  Banks;  Thomas  Melling,  Blackpool; 
Ezekiel  Salthouse,  Blackpool ;   Henry  Smith,  Blackpool. 

The  usual  votes  of  thanks  to  the  Sea  Fisheries 
Committee  and  to  the  Education  Committee  were  proposed 
and  carried  by  the  fishermen. 

Two  classes  in  nature  study  for  school  teachers  were 
held  during  the  months  of  April  and  May.  The  classes 
were  organised  by  the  Barrow  Education  Committee  and 
were  attended  by  teachers  belonging  to  their  schools.  The 
course  of  instruction  for  school  teachers  has,  on  the 
suggestion  of  Mr.  A.  Haveridge,  Director  of  Education  at 
Barrow,  been  somewhat  modified  and  re-arranged.  The 
course  has  been  divided  into  three  stages.  The  first  deals 
with  the  common  organisms  of  the  sea  shore  between  tide 
marks,  and  the  general  animal  and  plant  remains  from 
the  sea  bottom  washed  up  along  high-water  mark.  A 
brief  account  of  their  distribution,  habits,  and  uses  is 
given,  and  an  explanation  of  the  methods  of  collecting, 
preserving,  and  mounting  natural  history  specimens  for 
school  museums.  In  the  second  stage  certain  common 
types  of  marine  animals  are  studied  more  fully  than  in 
the  first  course.  These  types  include  a  common  fish  like 
the  codling  or  herring,  starfishes  and  sea  urchins,  common 
shore  crabs,  cockle,  mussel,  &c.  The  third  stage  deals 
with  microscopical  preparations,  the  use  of  the  tow-net. 
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microscopic  life  in  the  sea,  and  the  life-history  of  some 
common  type  of  marine  animal. 

A  large  party,  consisting  of  representatives  of  the 
Sea  Fisheries  Committee  and  the  various  Educational 
(.'ommittees  of  Lancashire,  visited  the  laboratory  on 
April  24th  and  saw  the  fishermen  at  work.  An 
interesting  address  on  the  scientific  and  educational  work 
of  the  Sea  Fisheries  Committee  as  applied  to  fishermen 
was  given  by  Mr.  A.  T.  Wright,  and  was  greatly  appre- 
ciated by  the  audience.  Mr.  Walter  E.  Archer,  Assistant 
Secretary  to  the  Department  of  Agriculture  and  Fisheries, 
inspected  the  establishment  in  April.  Mr."  M.  A.  Fenton, 
one  of  H.M.  Inspectors  of  Schools,  visited  the  laboratory 
to  inspect  and  report  on  the  work  of  the  classes  for 
fishermen  and  school  teachers 

A  good  deal  of  time  has  been  devoted  to  the  examina- 
tion of  the  pelagic  organisms  in  the  Irish  Sea  around  the 
Isle  of  Man,  and  from  there  to  Lancashire  and  to  Car- 
digan Bay,  which  were  collected  by  various  kinds  of  nets 
at  depths  ranging  between  the  surface  and  60-70  fathoms. 
In  fact,  1907  makes  a  record  for  this  part  of  our  work. 
In  1900  the  number  of  plankton  samples  collected  and 
examined  was  just  four  hundred,  while  in  1907  that  total 
was  fully  doubled,  as  is  shown  bv  the  following  figures:  — 

Ordinarv     tow-net     collections     bv     the 

Fisheries  steamer        ...       160 

Hensen  Net,  monthlv  observations         ...         27 

Fishery      officers      in       Cardigan       Bay, 

ordinarv  tow-net  ...  ...  ...         60 

Samples  taken  bv  various  nets  around  the 
Isle  of  Man  by  Professor  Herdman, 
and  in  Port  Erin  Bay  by  Mr.  Chad- 
wick  and  others  ...  ...  ...       638 

Collections    made    round     the    West    of 

Scotland  bv  Professor  Herdman       ...         10 

Total 896 
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Owing  to  the  necessary  arrangements  in  contempla- 
tion of  the  sale  of  the  former  Fisheries  steamer  and  the 
delay  in  delivery  of  the  **  James  Fletcher,"  Captain 
Wignall's  collections  could  not  be  so  systematically  made 
as  in  former  years,  and  the  number  is  naturally  reduced 
in  consequence.  The  results  of  the  monthly  observations 
with  the  Hensen  net  and  of  the  extensive  series  of 
collections  taken  by  Professor  Herdman  from  the  S.T. 
"  Ladybird,"  are  dealt  with  elsewhere  in  this  report.  The 
other  collections  are  in  process  of  being  worked  up,  and 
reports  upon  them  will  be  given  later. 
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MONTHLY  INVESTIGATION  OF  THE  PLANKTON 
BY  THE  HEXSEN  NET  METHOD. 

By  Andrew  Scott. 

This  investigation  was  commenced  in  January,  1907, 
with  the  intention  that  regular  hauls  should  be  taken  at 
intervals  of  one  month,  between  Piel  Gas  Buoy,  at 
the  outside  entrance  to  the  Barrow  Channel,  and  Great 
Ormes  Head,  on  the  North  Wales  coast.  Owing  to 
unforeseen  circumstances  the  continuity  of  the  observa- 
tions was  interrupted  on  three  occasions:  no  hauls  were 
taken  in  April,  July  and  December.  In  the  absence  of  a 
complete  series  of  monthly  observations  it  would  be 
unwise  in  the  present  report  to  discuss  the  changes  that 
take  place,  from  month  to  month,  in  the  pelagic 
organisms  along  the  line  of  observation.  At  the  same 
time,  one  or  two  interesting  facts  can  be  detected  by  a 
review  of  the  tables  of  results  given  below,  which  are 
worth  some  attention. 

Three  stations  have  been  laid  down  along  an 
imaginary  straight  line,  joining  Piel  Gas  Buoy  to  Great 
Ormes  Head.  The  first  station  is  four  and  a  half  miles, 
the  second  twenty-two  and  a  half,  and  the  third  forty  and 
a  half  miles  from  Piel  Gas  Buoy.  The  third  station  is 
four  and  a  half  miles  off  the  Orme's  Head,  and  the  middle 
station  is  eighteen  miles  equidistant  from  the  first  and 
third.  At  each  station  the  ship  is  stopped,  and  when  all 
way  is  off  her  the  net  is  put  over  the  side,  lowered  down 
to  a  depth  of  ten  fathoms  and  then  slowly  drawn  to  the 
surface.     The  time  taken  to  draw  the  net  up  through  ten 
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fathoms  is  about  sixty-five  seconds.  The  net  is  then  got 
on  board  and  the  ship  continues  her  course  to  the  next 
station.  As  soon  as  the  net  comes  on  board,  the  contents 
of  the  metal  bucket,  provided  with  a  tap  at  the  end  of  it, 
are  run  off  through  a  fine  silk  filter  of  the  same  texture 
as  the  net.  The  tap  is  then  shut  and  the  outside  of  the 
net  well  washed  down  with  the  ship's  hosepipe.  In  this 
washing  of  the  net,  the  bucket  is  again  filled  with  the 
water  that  passes  through  the  silk,  and  any  organism 
adhering  to  the  inside  of  the  net  after  the  first  straining 
are  taken  into  the  bucket  with  the  washings.  The 
contents  of  the  bucket  are  again  passed  through  the  silk 
filter  and  the  whole  catch  and  silk  of  the  filter  are  at  once 
transferred  to  3  per  cent,  formalin  in  sea  water  and 
labelled.  The  samples  are  afterwards  carefully  examined 
ashore.  For  an  explanation  of  the  methods  now  adopted 
in  the  investigation  of  our  plankton  samples,  see  the 
joint  report  on  the  plankton  taken  off  the  Isle  of  Man  by 
Professor  Herdman  and  mvself. 

The  first  point  to  be  noted,  is  that  the  amount  of  life 
in  the  sea  during  the  early  months  of  the  year  is  very 
small,  from  May  on  to  September  there  is  a  great  increase 
in  bulk,  and  then  towards  the  end  of  the  year  it  falls 
away.  The  nine  hauls  taken  in  the  first  quarter  of  the 
year  gave  nineteen  cubic  centimetres  of  organisms,  while 
the  three  hauls  taken  in  September  caught  eighty  cubic 
centimetres  altogether. 

Xext,  taking  the  organisms  in  order,  we  find  that  in 
January,  Diatoms  were  scarce  and  only  represented  by  two 
species.  In  February  a  considerable  increase  in  numbers 
was  found  and  thirteen  species  were  present  along  our 
line  of  observation.  A  further  increase  was  found  in 
March  and  twenty  species  were  noted.  Diatoms  further 
increased  in  May  and  the  species  represented  reached  a 
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total  of  twenty-six.  In  June,  although  the  species  present 
had  fallen  to  nineteen,  the  number  noted  was  high,  and 
the  bulk  of  the  plant  life  consisted  of  Eucampia  and 
Rhizosolenin.  In  August  and  September  the  Diatoms 
continued  to  be  very  abundant  and  the  species  represented 
were  nearly  as  numerous  as  in  Mav.  In  October  there 
was  a  marked  decrease  in  numbers  and  the  species  had 
fallen  to  twenty.  An  apparent  recovery  was  found  to 
have  taken  place  in  Xoveniber,  and  ihe  number  of 
Diatoms  taken  in  the  three  hauls  was  fully  twice  that 
found  in  the  three  hauls  for  October.  During  October 
and  November  there  were  more  Diatoms  in  the  vicinity  of 
Walnev  than  at  the  other  two  stations,  and  the  central 
region  contained  the  least.  It  will  be  noted  that  the  hauls 
taken  in  October  yielded  -KJ,  17  and  5  cubic  centimetres 
of  organisms  respectively,  yet  the  numbers  of  Diatoms 
were  completely  inverted,  as  the  following  figures  show: 
(^)  24-300  :  (17)  7*450 ;  (5)  12700. 

Species  of  Ceratium  were  present  in  eight  out  of  the 
nine  monthly  hauls.  They  appeared  to  be  entirely  absent 
in  the  whole  area  in  January  and  at  Station  I  in 
February.  It  will  be  noticed  from  the  tables  that  from 
the  month  of  June  to  the  end  of  the  series,  these  organisms 
were  more  abundant  at  Station  I  than  at  either  the  second 
or  third.  It  is  evident  that  there  is  a  distinct  maximum 
period  in  August.  Specimens  of  Peridinmm  were  much 
scarcer  than  those  of  Ceratium ^  and  apparently  reached 
their  maximum  point  a  little  earlier  in  the  year. 

Xortiluca  has  been  recorded  in  our  reports  for  some 
years  as  occurring  in  large  numbers  along  the  North 
Wales  and  Lancashire  coasts  during  the  summer  and 
autumn  months. 

The  specimens  found  in  the  hauls  for  January, 
February  and  March  were  probably  survivors  from  the 
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summer  of  1906,  as  none  were  observed  in  May.  The 
organism  was  present  at  all  the  stations  in  June,  and  in 
large  numbers  again  in  August  and  September.  The 
hauls  taken  in  October  showed  a  decided  decrease,  which 
became  still  more  marked  in  November.  It  is  probable 
that  the  maximum  point  of  the  invasion  was  reached 
about  the  end  of  August.  The  bulk  of  the  samples  taken 
in  August  and  September  consisted  of  Noctilvcn. 

Specimens  of  Sagitta  were  present  in  the  area  in  each 
of  the  months  that  collections  were  taken,  and  only  once 
appeared  to  be  absent  from  any  of  the  three  stations. 
The  largest  number  of  specimens  were  taken  in 
September.  Copepoda  apparently  follow  pretty  much  the 
same  increase  as  the  other  groups,  and  the  largest' 
numbers  were  found  in  the  September  hauls. 

When  a  complete  series  of  hauls  with  the  Hensen 
net  along  this  line  is  available  for  comparison,  it  will  be 
possible  to  discuss  more  fully  the  changes  that  take  place 
from  month  to  month  amongst  the  organisms  that  make 
their  appearance  in  the  upper  layers  of  the  sea  throughout 
the  year. 
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Station   and    Date.- — Heitsen    Net   Stations,    Jauuarv 
8th  and  February  5th,  1907. 


in  fathoms     

10-0 

in  c.cm 

2 

18  

I. 

^nella  bleakeleyi     ... 

Iphia  mobilieneis 

ceros  decipiens    

odiHcus  concinnus  ... 
,              sranii 

25 

im  brightwellii    

ra  borreri     

lolenia  semiupina     ... 

netigera    

Hhrubsolei    ... 

iria  puradoxa  

)chea  malleus 

Ilia  olostcriiini     

gcia  sp 

im  furca  

fUHUS  ■ 

tripos     

jca  miliaris 

brac^hia  pileus     

I  bipnnctata    

Polycha;t4i      

1 

8 
1 

Tia     

stage  of  Crangon    ... 

lisciiH  calani 

IS  helgolandicuM 

xsalanus  elongatiis  ... 
a  lonfiricornis  

3 

1 
72 

pases  hamatns   

%  clausi     

r> 

la  similis  

.lanus  parvus 

3 
35 

wonula  hya3na    

xi  nauplii     

libranchs.  larval 

eura  sp 

in  eggs     

1 
1 

10-0 

lO-O 

10-0 

10-0 

lO-O 

3 

2 

2 

3 

2 

II. 

III. 

I. 

II. 

III. 

^^_ 

^^^ 

25 

8 

800 

570 

800 

-^ 

600 

200 

100 

(i 

58 

500 

500 

550 

— 

24 
30 

20 

— 

— 

8 
30 

30 

100 

20 

10 

25 

100 

,^_^^ 

1 

12 

^^^^ 

— 

15 

3 

__ 

— 

10 

75 
25 
50 

__ 

10 

— 

20 

100 

— 

200 

50 

3t) 

100 

14 

10 

I 
8 

12 

56 
3 
1 

4 

135 

5 

37 

— 

30 

1 

54 

3 
2 

36 
3 

5 

7 
18 

23 

20 

4 
13 

1 

5 

94 

70 

90 

16 

119 

52 
3 

;      m 

25 

15 

1 

1,290 

150 

I 

— 

B 


Station  and  Date. — -Henseii  Net  Stations,  March  5tli, 


Depth  in  fathoms     

Catch  in  ccm 

Station    

AfWrioneiU  bleakeleyi 
Biddulphia  mobilieoBiii.... 
CnuBtoceroa  contnrtuin 

deciiHenB   

„  Hociale 

Bubtile    

CoacinodiaauB  conciiinus  . 

BTttH" 

Ditylium  brightweilii   .... 

EucautpU  zodiacuB  

Rhlzoaolenm  Ktigera  — 

„  Bhrubsolei   , 

Aotinoptycliua  aplendena . 

Siddutphia  aurita     

„  groDuloBa  .... 

CuaainodiKUB  radiatus 

LeptocylindruH  danicua    . 

Bacillaria  paradoxa      

Ceratium  turca 

Peridimum  sp 

Noctiluca  miliariB 

Pleurobraehia  pileiia     .... 
Meduaoid  goiinphoTeH  .... 

SagittB  bipiitictatn    

Larval  Polycli«lu     

*  Mitrarin  ' 

Podon  Lntarmfidiiim 

Pseud ocalaniia  clongntiiH. 

Temoni  long  100 n LIB  

Cenlropntfes  tia.niiitiis  .... 

Aoartia  cTaiiai     

Oithona  Hiinilis 

Paracalanua  pifvuB 

CyolopiiiB  littoralia  

Oopepod  naiiplii    

..         metaiinuplii   .... 

Barnacle  naupUi    

Lamellibrancha,  larval 
Oikopleuru  ap.   


19 
Station  and  Date. — Henson  Net  Stations,  May  10  and  Jrnie  5, 1907. 


Depth  in  fathoms 
Gatoh  in  ccm.  ... 
Stations 


Asterionella  bleakeleyi 

„  japonica    .... 

Biddulphia  mobiliensis.... 
Chsetoc«ro8  contortum 

debile     

decipiens    .... 

densum 

Bociale    

teres  

subtile    

diversum    

Coflcinodiscus  concinnus  . 

ffranii 

Coscinosira  polychorda 
Ditylium  brightwellii    .... 

Eacampia  zodiacus  

3lelosira  borreri     

Rhizosolenia  semispina    . 

„  setigera   .... 

,,  shrubsolei   . 

,,  stolterfothii. 

Biddulphia  aurita     

granulosa  .... 
Goacinodiscus  radiatus .... 

Bacillaria  paradoxa  

Goinardia  fiaccida 

Landeria  borealis 

Streptotheca  thamensis   . 

Gentium  furca 

.,  fusus     

„  tripos 

Peridinium  sp 

T^ochiscia  sp 

Noctiluca  miliaris     

Pleurobrachia  pileus  .... 
Medusoid  gonophores  .... 
Plat«i  of  Echinoderms 

Sagitta  bipunctata    

Larval  Polychseta     

'ICtraria' 

Ckmb  zoea  

Mjsis  stage  of  Crangon  . 
Second  stage  Nephrops    . 

Podon  intermedium 

Bradne  nordmanni  

Oyanus  helgolandicus  .... 
PlKudocalanus  elongatus  . 

Tbmora  longicomis  

Osntropages  hamatus  .... 

Acartia  clausi    

Oithona  similis 

Paracalanus  parvus 

Iiias  clavipes     

Gopepod  nauplii    

juv 

Barnacle  nauplii        

„         cypris  stage  

QaMteropods,  larval  

Lamellibranchs,  larval 

Oikopleura  sp 

Aaoidian  eggs    

€h^3r  Oumiurd  eggs  

floMiette  esffs   

Foat  larval  Flaioe 

Liparis  

sp.  

«Pt  


w* 


»» 


»f 


1 0-0 

I. 


30,000 
125 


5,000 

1,300 

875 

28,000 
120 

1,250 
2,250 
3,700 
87,00 
22.000 
12.000 

500 

1.250 

15,000 

130 
500 

120 

5,000 

1.600 

2 

875 


3 

670 

250 

3 

3 


1 
10 

120 
25 
75 

125 


13.250 

625 

38 

125 
250 
120 


10-0 

4 

II. 


10-0 

14 

III. 


—  25,000 

—  3,750 
43,500  1,190,000 

—  2,500 
1,500  31,000 

20,000  81,000 

24,000  43,700 

7,500  100,000 


1,000 

20,000 

100 

500 

5,000 

1.500 

167.000 

12,000 

3.500 


500 
11,500 

500 
500 

100 
5,500 
2.000 

500 
1.000 


12 

4 

1,000 

100 

1 

2 


65 

75 

120 

5 


700 

500 

5 

125 

250 

4 


213,000 

5,000 
25,000 
87,500 

1.250 
22,500 
37,000 
50,000 


1.250 
37.500 

1.250 

2,500 
12,500 

2,500 

7,500 
2,500 

2,500 


6 

7 
545 

3 
5 


25 

115 

30 

10 


9,000 

1,300 

70 

3 

1,250 
2 


2    — 


10-0 


10-0 

14 

II. 


875 


3.700 
1,000 
1.000 
8,700 
16,000 

625 


76 


15,000 
15,000 

2,125 


1,000    — 

43,750  4,000.000 

25,000   100.000 

2,000,000  2.000.000 


6,250 
63.000 


2,500 

650,000 

10,000 

2,500 


1.230    3,500 

2.500   63,000 
—      2,500 


2,500 

13,750 

13,750 

23.500 

2,500 

1.250 

3 

6 

23 

440 

10 
1 

40 
20 

180 

450 

30 

300 

10 

10 

11.250 

2,500 

25 

375 
3,750 
1,160 

260 


1.000 
2,500 
7,500 
6,260 
2,500 
2,000 
7 

70 

126 

31 

166 

8 


170 

1,250 

250 

200 


11.250 

3,760 

20 

2 

376 

1.300 

1 
1 


10-0 
32 

m. 


126   66,000 


60,000 

600 

600 

1,600 


600 


73,000 

2,000 

86,000 

70,000 
1,000 

600 
876 

9,000 
1,600 


3,000 
1,000 
1,600 
3,600 
2,600 
6 
110 

30 
80 

3 
6 
1 


1    — 


60 
1.780 
1,200 

30 
260 


20    — 


100 

600 

6.000 

20 

6 

600 
1,360 


\    — 


•/    Z 
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Station  and  Date.— Hensen  Net  Stations,  Aug.  2i)  and  Sept.  18, 1907. 


Depth  in  fathomn 

Catoh  in  com 

Station    


ChmtocproB  contortutn 

„  dobile     

„  de(-i]rien»   .. 


„  denHuni  

,,  borcnip    ........ 

„  Aublilr    

CosoinodiscuH  voacinniis  .. 

Ditylium  brightwellii    

EucampiiL  lodioouB  

Leptupylindriis  dimiciis   -- 

MeWira  borreri      

Lauderia  borenlia 

RhitoaoleniH  BemiHpina    .. 

iKliKera 

.,  Hhrubaolei ., 

atolMrfothJi 

Biddolphia  granitloxs  

rhombiiB     

CoscinodisciiB  rndintiin 

Guinardia  flaccida     

Bacl«riailtnmi  Hp 

Bacillari  A  parade  xa  

Nitmchift  aeriata   

Streptothecn  thamenBia    .. 

Bellerorhca  malleiix 

Oerotiiun  furea  


fliauH 


Pcridiniiim  iip 

Trooliimia  ap 

Distephanua  sp 

'nntiiinopais  sp 

NoctiluPB  niilinri»     

Pleiirobraohia  pileiis     ... 
Modusoid  Bariopliiircw  ... 
PlutoL  of  Ei'birjoiUTmj. 
Sagitta  bipunctata 

Larval  Polyvh;ptn     

'  Mitraria ' 

Crab  zoea   

„     megalopa 

MysiH  etagB  of  UrangoD 

Podon  inCarmediuin 

ColanuB  helgolandioiiB  ... 
PMiidocalBDUB  elongatiiB 

Temora  longioomis  

Cantropa^ei  hamatuH  ... 
Anomaloccta  patteraonJ 

Aoartia  ciauai    

Oilbona  sJiailis      

Paracalnniifl  {larviia 

Copoi>od  nauplii    


r),o<)o 

325.(KK) 
75,IXM) 
liT«.O0O 
7,500 
2.500 
3J.O00 


HH) 

5.00(1 

_■! 

_ 

1.000 

150.000 

10,000 

.1.000 

5.000 

73.000 

173,000; 

2r>i).ooo 

3.r>o<) 

5,000 

80.000 

163,000 

It,  750 : 

2,800 

l.JiH) 

2.mr 

.WO 

2m' 

1,000 

.J.O(M» 

7,,'iOO 

.1.500 1 

IO.(HK) 

28.VHIO 

.800.000 

.14,500' 

3,0lH> 

300.000 

7.'iOI 

12.500 

1,000 

3,00011 

i2.r>oo 

l.SOO'i 

BOO 

71.000 

2,000 

250' 

\2.mt 

m).(K)0 

31,000 

124.IK)«,i 

225.000 

■tIMKlO 

2,(12.1 

7,000 1 

170,000 

2.000 

3.750 

370 

7.700, 

l.(NMI 

2..KHI 

27.000 

I83,(HHI 

.-.4.000.1 

22..KHI 

.1.000 

520. 

i2.n(H) 

11.400 

10,^)11 

700 

lO' 

1,000 

4.(HK) 

900 

20il 

20 

3(1 

5.000 

3.1.000 

12,800,1 

20.000 

0.500 

S-VtO 

11.000 

55.000 

8,215'; 

7..1CKI 

17.1.0O0 

iN.r)0(i 

500 

,->O0 

1.000 

4,250' 

2.500 

4.,KMl 

li.iVKI 

i,.-.»o 

4.000 

3.000' 

2.500 

1,000 

:t.4(Ni 

1..W0 

310 

— 

— 

— 

100 

Station  and  Date. — Henseu  Net  Stations,  October  7th 
and  November  18th,  1907. 


lor 


JeiiBiim 
bun-nlu 
aiibtib 

iioditicus 

ium  brightwolli 

icylindriis  dniilt 


iHOleiuu  HCiniB]>inB    . 

ehru  l)!Milei   . 

criabiirPHliB 

laria  (larndoxH  

rriaBtrnm  Hp.     

ilf^ia  rhnmbiiH    .... 
.,  Rrnnuloiia  

nodUciiB  granii 


3.goo      11,000 


2,700         1.720 


anopsJH  jj|>. 

lIiick  miliiiriH 
ohrachiii  |iil«im 
loid  ^iiopliorpH 
i  of  Eirhinodcrni^ 
ta  bipiinrtatii  ... 
Ivtuii  prolifer  ... 
a  PoIyclnelJi      ... 


1().(MH)      10(1.000 


mCf;.'klo|m 

staifp  of  Civitii-oj 

IDS  hl?lK"llll)'ii(-'ll 
locnlaniH  clonunli 
■ra  longJi-oriiiH   ... 
'opOKB"  hjinialiifl 

,'aIaniiH  pnrvui>  ... 

clavipFH     

rpina  acntifronK 
pod^upl"    

iTopoda.  larval  ... 
Jlibranchii.  larvitl 

ilenra  »|' 

ianegg"     


3.000        12.600 
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REPORT    ON    EXPERIMENTS   WITH    MARKED 
FISHES  DURIKG  THE  YEAR,  1907. 

(Plates  I  and  II). 

By  Jas.  Johnstone. 

It  was  only  possible,  for  various  reasons,  to  continue 
these  experiments  during  1907  on  a  less  extensive  scale 
than  during  1905-6.  We  resolved  to  concentrate  the 
experiments  as  far  as  possible,  and  to  confine  our  attention 
to  the  summer  plaice  fishery  in  Liverpool  Bay,  and  to  the 
autumn  and  winter  plaice  fishery  that  is  carried  on  in  Red 
Wharf  Bay  and  in  Channel  Course.  Three  experiments 
were  therefore  made,  (1)  in  Menai  Straits  in  February, 
1907,  when  about  100  small  plaice  were  caught  by  the 
*'  John  Fell  "  and  liberated  close  to  the  place  of  capture ; 
(2)  near  Nelson  Buoy  at  the  entrance  to  the  Ribble 
Estuary  in  July,  1907,  when  about  150  plaice  were  caught, 
also  by  the  **  John  Fell,"  and  liberated  on  the  ground 
where  taken  ;  and  (3)  in  Red  Wharf  and  Beaumaris  Bays 
in  October,  1907,  where  120  plaice  were  caught  and 
liberated.  I  intended  to  mark  and  liberate  plaice  and 
flounders  in  the  neighbourhood  of  the  Lune  and  Wyre 
Rivers,  and  in  Barrow  Channel,  but  did  not  find  this 
possible  because  of  the  other  engagements  of  the  **  John 
Fell  "  and  the  Fleetwood  police  cutter.  In  June  a  number 
of  plaice  which  had  been  kept  during  the  preceding  year 
in  the  spawning  pond,  at  the  Port  Erin  Hatchery,  were 
turned  out  into  the  sea,  and  at  Prof,  llerdman's  request  I 
sent  a  number  of  labels  to  Mr.  Chadwick,  Curator  of  the 
Biological  Station,  who  then  marked  28  large  plaice  and 
liberated  them  near  Bradda  Head. 

During  1907  we,  therefore,  marked  -^60  fishes,  all  plaice 
with  one  exception,  and  at  the    time   of   writing    (16th 
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December)  102  of  these  have  been  returned  to  me.  In 
addition  to  these  fishes  47  others  marked  and  liberated 
during  1905  and  1906  have  also  been  returned,  making 
149  recaptures  in  all.  No  attempt  was  made  to  mark 
other  fishes  than  plaice  during  1907,  but  we  hope  in  the 
coming  year  to  devote  some  attention  to  flounders.  As  in 
former  years,  I  am  convinced  that  quite  a  number  of 
marked  plaice  are  captured  and  are  not  reported  to  me. 
One  hears,  now  and  then,  of  fish  that  have  been  captured 
for  some  time,  and  it  is  curious  that  over  and  over  again 
marked  plaice  are  recaught  by  the  same  boats.  One  could 
draw  up  a  list  of  smacks  that  have  caught  what  is 
apparently  far  more  than  their  share  of  marked  fishes, 
and  I  am  inclined  to  suspect  that  many  fishes,  caught 
perhaps  during  the  dark,  are  not  noticed.  Most  of  the 
fishermen  on  the  West  Coast  of  England  must  now  know 
about  these  experiments,  but  it  appears  that  until  a 
skipper  has  caught  one  or  more  marked  fish  he  and  his 
men  do  not  examine  their  catches  so  carefully  as  to  avoid 
the  risk  of  a  marked  fish  going  unnoticed. 

As  before,  I  am  greatly  indebted  to  those  who  have 
taken  the  trouble  to  send  me  marked  fishes  handed  to 
them.  This  applies  particularly  to  Messrs  Harley  and 
Miller,  of  the  Liverpool  Fish  Market,  Messrs  Dean  and 
Houldsworth  (members  of  the  Committee) ;  Mr.  Robert 
Knox,  of  Douglas ;  and  Mr.  A.  J.  Rust,  of  Milford  Haven. 
Captain  Jones,  Head  Bailiff  at  the  Carnarvon  Station,  has 
also  taken  a  great  amount  of  trouble  to  forward  me  all 
fish  given  to  him,  and  has  been  most  careful  in  supplying 
all  the  necessary  information  of  recapture,  Ac. 

I  give  all  the  details  of  recapture  in  the  tables  that 
follow.  The  *'  general  summary  "  gives  the  total  results 
of  the  experiments  of  the  year,  and  includes,  also,  marked 
fishes  which  have  been  liberated  in  1905  and  1906.   The 
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following  tables  give  the  details  of  recapture  and  growth 
of  the  fishes  returned.  The  *'  analyses  of  sizes  of  fish 
recaught  *'  give  the  numbers  of  plaice  of  each  size  group 
(everj*  quarter  of  an  inch)  marked  and  liberated;  it  will 
be  seen  that  the  majority  of  the  plaice  dealt  with  were 
between  9  and  11  inches  in  length.  In  the  tables  of 
**  particulars  of  fishes  returned  '*  the  columns  are 
numbered  in  order  to  save  space.     The  headings  are:  — 


1 

2 

3 

4 

5      \      6 

1 

7 

8 

Mo.  of 
label 

Size  when 

liberated 

(inches) 

Place  of 
recaptore 

Date  of 
recapture 

Months  in 
the  Sea 

Length 

when 

recaptured 

(inches) 

Increase 

in  length 

(inches) 

Method  of 
recapture 

The  lengths  of  the  fishes  when  marked  were 
measured  to  the  nearest  quarter  of  an  inch.  The  lengths 
when  returned  were  measured  to  the  nearest  eighth  of  an 
inch.  When  only  one  or  two  fishes  are  returned  in  any 
particular  month  an  error  may  result  from  this  difference 
in  the  accuracy  of  the  two  measurements,  but  when 
average  growth-increments  are  calculated,  and  when  these 
are  plotted  on  a  curve,  and  the  latter  smoothed,  such 
inaccuracies    disappear.  The    place    of    recapture     is 

usually  given  as  reported  to  me.  It  is  generally  unlikely 
that  it  is  accurate  to  within  a  mile  or  two,  as  a  fish  mav 
be  caught  anywhere  during  a  drag  of  the  trawl-net,  which 
may  be  of  20  or  more  miles  in  length  in  the  case  of  a 
steam  trawler.  As  a  rule,  however,  such  iniiccuracies 
in  position  have  no  real  significance.  The  values, 
**  months  in  the  sea,  '  have  been  obtained  by  subtracting 
the  number  of  the  month  of  liberation  from  that  of 
recapture  :  they  are  calendar  months.  The  letters  under 
heading  8,  "method  of  recapture,"   denote:      ST.  steam 
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trawler;  IT,  Ist  class  trawler;  2T,  2nd  class  trawler; 
SN,  stake  net;  TN,  trammel  net;  DX,  draw  net  or  seine 
net.  The  greater  number  of  the  fishes  returned  were 
recaught  by  means  of  trawl  nets  used  by  1st  and  2nd  class 
trawlers.  In  some  cases  this  information  as  to  the  method 
of  recapture  was  not  given ;  in  one  or  two  cases  it  was  also 
impossible  to  trace  the  position  of  recapture.  Whenever 
possible  the  fishes  were  weighed,  but  very  often  they  had 
been  gutted  before  being  forwarded,  so  that  it  was  not 
practicable  to  estimate  the  weight  in  every  case.  In  the 
case  of  everv  fish  sent,  the  otoliths  were  removed,  and  are 
being  kept  with  the  object  of  determining  the  mode  of 
growth  of  these  structures  in  relation  to  the  season. 
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DETAILS  OF  FISHES   RETIBNED. 
EzperimentB  of  1906. 

The   following  fishes,   returned   in    1907,    are   to   be 
added  to  the  lists  given  in  the  last  Annual  Heport. 

Experiment    2,     19th    February,    190  6. 
Station  :  Xear  Fleetwood.     35  plaice. 


1 

2 

8 

4 

6 

6 

14 

15i 
11 

7 

8 

L752 
L768 

Hi 

11 
9 

Off  Dundalk.  E.  coast  of 

Ireland 
Not  known  

26/11/06 

8/3/07 
18/4/07 

9 
13 

ST 

L769 

H  miles  E.  from  Corse - 
wall    Clyde.    12   faths. 

14 

1 

1 

The  results  of  this  experiment  were  discussed  in  last 
year's  Report,  but  several  recaptures  have  been  made 
during  the  present  year  and  some  doubtful  cases  have 
been  traced.  It  may  be  useful,  therefore,  to  summarise 
the  results  anew.  Eighteen  of  the  35  plaice  liberated,  or 
over  51  per  cent.,  have  been  returned,  and  it  will  l)e  seen 
that  the  positions  of  recapture  are  distributed  over  a 
considerable  area,  one  fish  being  taken  in  the  Firth  of 
Clyde,  and  one  off  the  Kast  Coast  of  Ireland.  It  will  be 
noticed  that  a  group  of  eight  fishes  have  been  recaught  in 
inshore  waters  during  the  four  months  after  the  date  of 
liberation.  Two  of  these  had  migrated  to  the  South,  but 
were  recaptured  still  in  shallow  water  inshore,  while  six 
fishes  were  taken  in  almost  the  same  place  where  those 
liberated  were  originally  caught.  Then  we  have  a  group 
of  seven  fishes  recaptured  much  further  offshore  and  in 
relatively  deep  water,  and  all  from  seven  to  ten  months 
after  the  date  of  liberation.  Finallv,  three  fishes  are 
included  in  this  year's  recaptures :  one  taken  near 
Dundalk,  one  in  the  Firth  of  Clvde,  and  one  taken 
probably  by   a   steam   trawler   not   far  from  Morecambe 
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Bay  Lightship.  On  Plate  I  these  three  latter 
recaptures  are  indicated  by  large  round  spots.  I  think 
that  the  results  of  this  experiment  indicate  those  that 
might  be  expected  if  it  were  practicable  to  mark  and 
liberate  a  very  hirge  number  of  plaice  on  the  inshore 
grounds  during  the  early  months  of  the  year,  that  is,  that 
these  fishes  would  remain  there  until  the  end  of  the 
spring,  to  be  caught  by  the  stake-nets  or  inshore  trawlers, 
and  then,  as  they  began  to  experience  the  season's  growth, 
they  would  gradually  move  offshore  into  deeper  water,  and 
would  not  again  return  into  the  shallow  bays  and 
estuaries.  Unfortunatelv,  it  is  not  easv  to  obtain  a 
sufficiently  large  number  of  small  plaice  by  trawling  in 
the  estuaries  during  January  and  February,  and  I  can 
only  suggest  that  the  fish  should  be  caught  by  stake-nets, 
and  taken  alive  into  Piel  Hatchery  to  be  marked. 

Experiment     5,    5th     Marcrh,     1906. 
Station :   Near  Blackpool. 
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Experiment     6  ,     Ci  t  h     March,     1  9  0  (> . 
Station  :  Colwyn  Bay. 
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Experiment     H,     :(lst     March,     1906. 
Station :  Outside  Wulney  Island. 


Experiment     10,     12th     J  \i 
StutioD :   Near  Xelsou  Buoy. 


1 

S 

s 

4 

S 

6 

7 

8 

LLlMli 

LLIN7 

■  olCI, 

Hi 

•■'k 

Hi 

t.i  miles  off  Coningbag 

LiahlHhip, 
Off  KBsthnni.  Rivir  Mer- 

KV.    11   fatllOIIIH. 

en/op 

19/12/06 

22/1/07 
2a/12/0B 

L7/3/07 
1, '8/1)7 

13 
6 

1 

» 
U 

128 
111 

Tlfi 

i2i 

12| 

3J 

IT 
21- 

1.1.11(2 

It  mileh  a.  from   Uahaliin 

Light  Sliiji. 
H)mik-H8.M.li,fcoiiiH[iiK 

Head.  H.  coH-t  iK-land. 

3R  fathoiiiR. 
N.W.   fmni   Cnldy   I«lnnd. 

211  falhuiiiH. 

ST 
IT 

IT 

E.xp...- 

Station  : 


II  t     10.     9th     July,     1906. 
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The  results  of  Experiments  10  and  15  of  1906  also 
confirm  the  conclustoii  that  the  plaice  reared  on  the 
Lancashire  shallow  water  grounds  move  offshore  with 
increasing  age  and  do  not  return.  The  recaptures  in  1907 
from  these  two  experiments  are  indicated  on  Plate  II 
bj  the  black  spots,  and  it  will  be  seen  that  of  the  plaice 
liberated  in  1906  near  Nelson  Buoy  only  two  were 
recaught  on  nearly  the  same  grounds  in  1907.  On  the 
other  hand,  two  of  these  plaice  were  recaught  in  1907  to 
the  S.£.  uH'  Maughold  Head;  and  six  have  been  recaught 
off  the  S.E.  coast  of  Ireland.  All  the  latter  are,  compared 
with  the  plaice  recaught  off  Kelson  Buoy  (the  ground  of 
original  capture),  large  fishes.  One  fish,  the  inevitable 
exception  to  the  others,  was  found  in  the  River  Mersey, 
as  far  up  as  Eastham. 

Experiment     11,     13th    June,     1906. 
Station:  Near  Pwllheli. 
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This  fish  is  one  of  a  lot  of  40  set  free  in  Tremadoc  Bay 
in  the  summer  of  1906.  So  far,  only  three  fishes  have 
been  recaptured ;  one  near  the  place  of  liberation,  and  two 
off  the  Irish  coast. 

Experiment     12,     14th    June,     1906. 
Station :  Off  Llanrhystyd,  Cardigan  Bay. 
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Experiment     i:J,     16th     June,    1906. 
Station:  Off  Binas  Head,  Pembrokeshire. 
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Experiment     16,     12th     July, 
Station  :  Off  Penkilan,  Tremadoc  Bay. 


1 

2 

3 

4           S 

e 

7 

8 

1X411 

LL4I5 
LU34 

8i 

Near    Caldy    laland.    20 

fathom  K. 
Pinfold  Channel.  2  falhs. 
Uinaa       Head.       tearing 

\V,S.\V.,  12  fnthoma. 

10/9/07  1  14 

18/1,(07  1    6 
22,'0/O7      11 

1? 

31 

5! 

IT 

2T 
8T 

Experiment    17,     19th     September,     1906 
Station:  Red  Wharf  Bay. 
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'I'hesp    rwapture.s   are    indicated    in    Plate  I  as  red 
spots.     It  will  be  seen  that  six  of  the  plaice  in  question 


have  apparently  remaineil  in  the  neighbourhood  of  their 
original  place  of  capture.  Five  of  them  were  caught  at 
the  beginning  of  this  year,  or  at  the  end  of  last  year,  but 
one  was  taken  in  almost  the  place  where  liberated  a 
complete  year  ufterwards.  One  had  crossed  the  Irish  Sea, 
and  was  caught  off  the  coast  of  Ireland. 


Experiment     18,     ^rd    October,     1  9  0  (i . 
Station :  Luce  Bay. 
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These  recaptures  exhibit  nothing  noteworthy.  Plaice 
No.  LL605  is  recorded  just  as  received,  though  I  think  it 
extremely  doubtful  whether  the  information  as  to  the 
place  of  recapture  is  accurate. 


Experiment     21.     13th     October.     1906 
Station :  Luce  Bay. 
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The  following  fish  wus  ropoiled  to  me,  but  the  label 
(which  aloue  was  sent)  was  entirely  corroded  away,  «> 
that  only  the  silver  wire  and  the  bone  button  were  attached 
to  the  Ksh  when  caught.  It  is  probably  one  of  the  Luce 
Bay  fishes  liberated  in  1904  or  1905. 


Experiments  of  1907. 

Experiment    1,    6th     February,    1907. 

Station :  At  Eastern  Entrance  to  Menai  Straits. 

All  the  fiah  caught  in  Menai  Straits,  and  in  Beaumaris 
Bay. 

AnalyiiIM  of  Sues  of  Fishes  Libebated. 
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Thu9  92  plaice  were  liberated  in  the  entrance  to 
Menai  Straits  in  February,  1907,  and  at  the  end  of  the 
same  year  29,  or  about ^IJ  percent.,  have  been  returned, 
'riie  results  of  the  experiment  oie  represented  in  Plate  I, 
and  it  will  be  seen  that  the  recoveries  fall  rouphly  into  three 
groups :  (1)  four  fishes  caught  in  Menui  Straits  during  the 
four  months  after  the  date  of  liberation  :  i'-i)  eight  fishes 
caught  in  Liverpool  Bay  during  the  summer  and  autumn  ; 
and  (■()  ii  group  of  ten  fishes  caught  in  Ked  "Wharf 
Bay  and  Channel  Course  during  the  late  autumn  and 
winter  of  1907.  One  fish  was  taken  in  Holyhead  Outer 
Harbour  in  a  trammel  net,  two  fishes  were  caught  in 
Carnarvon  Bay  in  June,  and  one  fish  went  as  far  South  as 
Dinas  Head  in  Pembrokeshire,  where  it  was  caught,  also  in 
June.  Immediately  after  liberation  one  fish  migrated  to 
the  Xorth,  and  was  recaught  not  far  from  More>cambe  Bay 
Light  Ship. 

Experiment     2,     1st    June,     1907. 

Station :  Two  miles  North  from  Bradda  Head,  Isle  of 
Man.  The  plaice  marked  in  this  experiment  were  part  of 
the  stock  of  "  spawnera  "  kept  during  the  preceding  winter 
and  spring  at  the  Port  Erin  Hatchery. 


Analysis  of  Sizes  of  Fishes  Libekateu. 
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None  of  these  plaice  have  y el  been  returnwi.  The 
fishes  were  marked  and  liberated  by  Mr.  H.  C,  Chadwick, 
of  the  Port  Erin  Biological  Station,  I  think  it  possible 
that  the  fiBheB  were  enfeebled  as  a  result  of  long  confine- 
ment in  the  spawning  pond,  and  did  not  survive  the  mark- 
ing operation  and  subsequent  handling. 

Experiment    :),     ;iid    July,     19  (1 7. 
Station :    Near    Nelson    Buoy,   Entrance    to    Ribble 
Estuary. 

Fish  caught  near  Nelson  Buoy. 

Analysis  of  Sizes  of  Fishes  Libeeated. 
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We  see  that  147  plaice  were  liberated  in  this 
experiment  and  that  36,  or  about  24 J  per  cent,  have  been 
recaught  up  to  the  present  time.  In  the  corresponding 
experiments  of  last  year  on  this  station  90  plaice  in  all 
were  liberated,  and  if  we  consider  the  recaptures  of  this 
year  we  find  that  42  of  these  fishes  have  now  been 
accounted  for,  that  is  46^  per  cent.,  so  we  may  expect  that 
a  number  of  the  fishes  liberated  in  July,  1907,  will  yet  be 
recaptured.  As  in  former  years,  most  of  the  fishes 
liberated  near  Nelson  Buoy  in  the  summer  months  are 
recaptured  on  the  fishing  grounds  to  the  S.  and  W., 
only  six  fishes  have  been  taken  close  inshore,  and  there  is 
a  rough  indication  of  a  migration  to  the  South  and  West 
during  the  summer  and  autumn  months.  It  is  well  known 
that  there  is  a  very  intense  plaice  fishery  on  the  fishery 
grounds  lying  roughly  between  the  Liverpool  N.W.  Light 
Ship  and  the  Morecambe  Bay  Light  Ship  during  the 
months  July  to  October,  that  is,  plaice  are  very  abundant 
here  during  the  period  in  question.  Now  we  may  ask, 
whpre  do  these  fishes  come  irom?  and  only  an  imperfect 
anajwer  to  this  question  is  afforded  by  the  results  of  mark- 
ing experiments.  But  if  we  refer  to  Plate  I,  representing 
thej  results  of  Kxperinieiit  1,  1907,  it  will  be  seen  that  a 
nuinber  of  the  fishes  set  free  in  the  Menai  Straits  in 
February,  1907,  have  been  recaught  on  the  fishing 
grounds  to  the  W.  and  S.  from  Nelson  Buoy.  I  have  no 
doubt  that  the  majority  of  the  fish  caught  here  have 
migrated  out  from  the  shallow  water  grounds  in  the  bays 
and  estuaries  during  the  spring  months,  and  that  the 
migration  is  a  feeding  one,  since  one  finds  that  the  plaice 
caught  there  during  the  summer  and  autumn  fishery 
always  have  their  stomachs  full  of  food.  The  results  of 
Experiment  2  of  1906  also  lead  to  the  same  conclusion,  for 
we  find  (see  Plate  I)    that  some  of  the  fishes  caught  in  the 


Lane  and  Wyre  and  liberated  in  February  near  the  place 
of  capture  were  recaptured  during  the  summer  months  on 
the  grounds  W.  from  Nelson  Buoy.  Convincing  proof  of 
this  offshore  migration  from  the  shallow  water  rearing 
grounds  in  the  Morecambe  Bay  area,  or  in  Liverpool  Bay, 
conld,  of  course,  be  obtained  by  marking  a  reasonably 
large  number  of  fish  caught  close  inshore,  but  such  an 
experiment  would  not  be  easy  to  carry  out  unless  the  fish 
could  be  obtained  otherwise  than  by  trawling. 


Experiment    4,     24th     October,     1907. 
Station :    In  Beaumaris  Bay,  just  outside  a  line  from 
Puffin  Island  to  Great  Ormea  Head. 

Fish  caught  in  Menai  .Straits  and  in  Beaumaris  Bay. 

Analysis  ov  Sizes  of  Fisiiks  Lihkeated. 
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RM  Wharf  Bay,  lOfafhs.. 

Between  Puiiit  LyiiiiH  mid 

Great    Ornies      Head, 

15  fatboms. 
Between  Pninl  Lynns  and 

Puffin  Island.  9  fathx. 
ConHay  Buy.  4  fathotiis... 
Red     Whiirf     B&y.     oR 

Moelfrc,  S  falhoma 
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falhomx. 

7  fnlhs... 


10- 1 


Red  Wliflrf  Bay,  7 
Red    Wharf     Bay. 

tathoina. 

(.'onway  Bay    

Red  Whnrf  Bay,  1 1  fatha.. 
Between  Puint  Lynus  nnd 

Ureat  Onntw  Hend,  U 

fathoms. 
Ofi  Great  Umies  Head. 

24  fathoms. 
Red  Wharf  Bay.  ofl  Buoy, 

10  foot  Bank. 
Off  Red  Wharf  Bay.   10 

fathoms. 
Red   Wharf   Bay.    10-12 

Ofl  tiraat  Ormcs    Hrad. 

20  fathoms. 
OS  Omies  Head.  20 

fathoms. 
Conway  Bay.  H  fathoms... 
on    Piiflin     Island.     10 

fathoms. 
Bed   Wharf   Bay.    1012 

fathoma. 


Bed  Wharf  Bay.  10  laths. 
Off  Red  Wharf  Bay,  10 

fathoms. 
Red  Wharf  Bay,  12  fath«. 
Near    Puffin    Island.    9 

fathoms. 
Wild    Hoada,   off   Otren- 

neltl.  Dec, 


3/12/07 
12/12/07 
12/11/07 


31/10/07 
12/12/07 
111/11/07 


21/11/07 
12/12/07 
3/12/07 
3/12/07 
7/12/07 
5/12/07 


23/11/07 
«/l2/0<l 
3/12/07 






101 

1 

»i 

1 

10 
lOi 

t 

'St 

10 

0 

o' 

•i 

1 

10 

0 

! 

ll 

~l 

«i 

i 

»i 

0 

10 

i 

U 

0 

lot 

1 

loj 

' 

10 

l«l 

°. 

101 

1 

Hi 
10 
0 

0 
D 
0 

10 

1 

n 

0 

Experiment  4  was  made  about  the  end  of  October,  just 
before  the  begiuuiiig  of  the  plaice  fishery,  which  usually 
sets  in  in  the  autumn  and  early  winter  in  Ited  AV'harf  Bay 
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and  in  Channel  Course.  One  hundred  and  twenty  plaice 
were  marked  and  liberated,  ahd  up  to  the  time  of  writing 
37  of  these  have  been  returned  to  me — that  is,  in  less  than 
two  months  nearly  31  per  cent,  of  these  fishes  have  been 
recaught.  The  results  of  this  experiment  are  represented 
in  Plate  II,  and  it  will  be  seen  that,  with  a  few  exceptions, 
all  the  fishes  returned  have  been  caught  in  the  immediate 
neighbourhood  of  the  place  of  liberation.  Three  plaice 
have  migrated  off  shore,  and  three  have  travelled  along  the 
coast,  and  have  been  recaught  in  the  Dee.  The  large  red 
spots  on  the  Chart  represent  the  recapture  of  fish  liberated 
in  Red  Wharf  Bay  in  September,  1906,  but  of  these  five 
were  recaught  at  the  end  of  that  year  and  the  beginning  of 
1907,  and  only  one  plaice  caught  in  the  present  season's 
fishing  belongs  to  last  year's  lot.  We  may  conclude  then 
that  the  stock  of  plaice  appearing  in  the  autumn  in  the 
Red  Wharf  Bay  area  of  each  year  represents  a  new  stock, 
and  it  is  very  probable  that  there  are  plaice  which  have 
migrated  out  from  the  shallow  waters  along  the  North 
Wales  coast  and  from  Me'nai  Straits,  since  there  are  no 
indications  from  these  marking  experiments  of  a  migration 
into  this  area  from  the  shallow  water  nurseries  on  the 
Lancashire  coast. 

The  results  of  this  experiment  indicate  a  great 
intensity  of  fishing  on  the  coast  of  North  Wales  during  the 
autumn  and  early  winter.  We  know  that  this  is  the  case 
apart  altogether  from  the  results  of  the  marking  experi- 
meTits,  and  it  appears  from  the  returns  of  fish  landed  at 
Bangor  that  the  present  autumn  and  winter  (1907)  has 
been  quite  exceptional  with  regard  to  the  amount  of  fish- 
ing in  Red  Wharf  Bay  and  Channel  Course.  One  would 
naturally  conclude  from  the  fact  that  over  30  per  cent, 
of  the  plaice  marked  and  liberated  have  been  recaught 
within  two  months  that  the  fishing  had  been  very  intense; 
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or  it  may  be  said  that  the  percentage  of  these  plaice 
recaught  depends  entirely  on  the  amount  of  fishing  being 
carried  on  in  the  neighbourhood  of  the  place  of  liberation. 
But  it  is  obvious  that  these  two  statements  mean  exactly 
the  same  thing. 

Influence  of  Different  Methods  of  Fishing. 

Most  of  the  marked  fishes  returned  during  1907  were 
caught  by  1st  and  2nd  class  sailing  trawlers.  The  following 
list  is  compiled  from  the  tables  of  particulars  of  fishes 
returned  :  — 

Caught  by  Ist  class  sailing  trawlers  ...         ...  78 

Do.  2nd  class  do.  ...         ...  36 

Do.  steam  trawlers        ...         ...         ...  10 

Do.      trammels,  stake  nets,  **  draw  net.s,"  &c.  15 

Information  not  given,  or  doubtful    ...         ...  10 

Rate  of  Growth  of  Marked  Plaice. 

Only  the  results  of  Experiment  1  in  1907  can  be 
utilised  to  deduce  the  variation  in  the  rate  of  growth  from 
month  to  month  throughout  the  year.  The  numbers  of 
fishes  returned  during  the  separate  months  were,  however, 
small,  and  it  does  not  appear  useful  to  tabulate  them  here. 
I  have  examined  the  numbers,  and  the  results  are  very 
much  the  same  as  those  given  in  the  last  annual  report, 
except  that  the  increase  in  growth  during  the  summer 
months  does  not  appear  to  have  been  as  rapid  as  is  repre- 
sented in  the  curve  given  in  the  last  annual  report.  The 
numbers  of  fishes  returned  are,  however,  too  small  to 
justify  any  general  conclusions  as  to  a  difference  in  the 
rate  of  growth  between  then  and  former  vears. 
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Explanation  of  the  Cuabts. 

Plate  I. 

Represents  the  results  of  Experiment  2,  1906,  and 
Experiment  1,  1907.  The  small  red  circles  indicate  the 
approximate  places  of  recapture  of  the  plaice  returned 
during  1900  ;  the  fille<l-in  red  circles  indicate  the  positions 
of  recapture  of  the  plaice  liberated  in  this  experiment  and 
recaptured  during  1907.  The  numbers  within  the  circles, 
or  outside  them  in  the  cases  of  the  1907  recaptures,  indicate 
the  months  in  whi(^h  the  fishes  were  recaught.  The 
straight  lines  do  not  indicate  migration  paths,  but  relate 
the  fish  recaptured  to  their  positions  of  liberation. 

Plate  II. 

Ileprcsents  the  results  of  Experiments  •!  and  4,  1907. 
The  open  black  circles  relate  to  the  plaice  liberated  off 
Nelson  Buoy  in  July,  1907.  The  filled-in  black  circles 
indicate  the  approximate  positions  of  recapture  of  plaice 
liberated  near  Nelson  Buoy  in  1906  and  recaptured  in  1907. 
The  open  red  circles  indicate  the  positions  of  recapture  of 
the  plaice  liberated  in  Beaumaris  Bay  in  October,  1907. 
The  filled-in  red  circles  indicate  the  recaptures  of  plaice 
liberated  in  Red  Wharf  Bay  in  September,  1906,  and 
recaught  either  at  the  end  of  last  year  or  during  1907. 

In  both  charts  the  numbers  outside  the  circles  are  the 
numbers  of  the  labels.  To  avoid  confusion,  however,  these 
have  been  omitted  in  the  case  of  Experiment  4. 
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RE-DESCRIPTION    OF  A  TREMATODE    PARASITE, 
ALLOCREADIUM  LABRACIS  (Dujardin), 

FROM   THE   BASS. 

(Plate  III.) 

By  J  AS.  Johnstone. 

Buss  or  Sea-Perch  {Labrax  (or  Cenirirpomus)  lupus) 
in  the  Irish  Sea  are  nearly  always  infested  with  a  Trenia- 
tode  parasite  which  is  evidently  the  species  Alloc reddium 
lahrads  (Dujardin).  This  worm,  if  not  of  universal 
occurrence  in  the  fish,  is  very  common,  and  I  have  found 
it  in  specimens  taken  in  Cardigan  Bay,  in  the  Irish  Sea, 
and  in  Morecambo  Bay.  The  bass  is  an  inliabitant  of  the 
Mediterranean  and  the  adjacent  Atlantic  coastal  waters, 
where  it  is  very  abundant.  It  enters  St.  George's  Channel 
and  the  Irish  Sea  in  shoals  in  the  early  summer,  and  in 
June  has  reached  Morecambe  Bay,  where  there  is  nearly 
always  a  fishery  for  it  during  June,  July  and  August. 
About  September  or  October  the  shoals  disappear.  The 
fish  appears  to  be  largely  a  fish-eater,  feeding  upon  young 
sand-eels  and  sprats  which  are  abundant  in  Morecambe 
Bay  during  these  months.  Although  (M)mmon  in  the 
English  Channel  and  the  Irish  Sea  area,  the  shoals  do  not 
migrate  much  further  north,  and  only  isolated  specimens 
are  taken  on  the  East  Coast  of  Scotland,  north  of  the  Forth, 
and  in  Scandinavian  waters.  The  parasite  AUocrendium 
labrticis  appears  to  be  a  good  example  of  a  Trematode 
which  has  only  one  final  host,  as  all  the  descriptions  in 
the  literature  appear  to  relate  to  worms  taken  from  the 
intestine  of  the  bass.  Thus  Dujardin's  original  descrip- 
tion of  the  species  was  based  on  a  specimen  taken  from 
LahrniT  lupus,  and  Stossich  and  Molin  described  it  from 
the  same  host.*    In  such  cases  as  this  the  occurrence  of  a 


•  The  literature  is  summarised  by  Odhner  in  Zool.  Jahrb.  Abth.  System., 
Bd.  14,  1900-1.  I  am  indebted  to  Mr.  W.  Nicol,  of  the  Gatty  Marine 
Laboratory,  for  directing  my  attention  to  this  paper,  and  for  other 
assistance. 
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parasite  is  often  a  useful  indication  of  the  places  of  origin 
of  fishes  with  periodic  migratory  habits. 

The  following  description  of  the  tremat^nle  may  be 
useful,  since  the  spei-ies  is  not  at  all  fully  described  in  the 
literature.  It  is  based  on  a  reconstruction  from  a  com- 
plete series  of  sections  made  from  a  worm  of  9*7  mm.  in 
total  length,  the  largest  found.  The  trematode  was  killed 
by  immersion  in  fresh  water,  and  was  subsequently  pre- 
served in  formalin,  a  procedure  which  enables  one  to 
preserve  the  worm  with  the  minimum  amount  of  dis- 
tortion. But  such  a  method  is  not  favourable  for  the 
study  of  histological  details,  and  I  deal  here  only  with 
the  coarser  anatomy  of  the  parasite. 

The  measurements  of  the  specimen  are:  — 

Total  length  :  97  mm. 

Greatest  breadth :  2  mm. 

Transverse  diameter  of  oral  sucker:  0*76  mm. 

„  „  ventral  sucker :  0*94  mm. 

Diameters    of    ova:     0079— 0*095    by    0-048— 
0064  mm. 

Transverse  diameter  of  oral  sucker  is  contained 
12  times  in  total  body  length. 

Transverse  diameter  of  ventral  sucker  is  con- 
tained 9^  times  in  total  body  length. 

Odhner's  measurements  vary  slightly  from  those 
given  above.  Thus  in  his  fig.  11,  Taf.  33  [op.  cit.)  the 
body  length  is  10^  times  the  transverse  diameter  of  the 
oral  sucker,  and  6^  times  the  transverse  diameter  of  the 
ventral  sucker.  These  ratios  are  not  of  precise  diagnostic 
value ;  thus  in  a  smaller  specimen  examined  I  found  that 
the  diameter  of  the  oral  sucker  was  contained  about  10 
times  in  the  body  length,  and  that  of  the  ventral  sucker 
about  7  times.  Neither  are  the  diameters  of  the  ova  verv 
constant.     Odhner  gives  these  as  0*07— 0  08  by  0037. 


Tlie  body  Ib  nearly  cylindrical,  and  is  only  flattened 
dorso-ventrally  at  about  the  middle  of  the  length.  It  is, 
as  a  rule,  nearly  uniform  in  diameter  only  tapering  gently 
at  either  extremity.  The  skin  poasessea  no  apines  or  other 
form  of  armature. 


The  month  is  subt«rmitml,  us  is  indicot^'d  in  fi^.  1, 
which  represents  part  of  a  median  longitudinal  section. 
Immediately  following  the  oral  sucker,  and  connected  to 
it  by  a  delicate  tube  is  a  strongly  musrular,  nearly 
globular  pharynx  of  the  usual  type.  The  lumen  of  the 
pharynx  is  a  longitudinal  dorso-ventral  slit,  the  inner 
surfaces  of  which  are  hard  and  fibrous.  The  pharynx 
pusses  immediately  into  a  rather  sliort  oesophiipus  which, 
almost  at  once,  bifurcates  to  form  the  two  intestinal  rami. 
The  two  branches  of  the  intestine  run  roughly  parallel  to 
each  other  to  almost  the  posterior  extremity  of  the  body. 
They  have  a  nearly  uniform  diameter  throughout.  The 
lumen  is  not  a  simple  one  throughout.  Round  the  peri- 
phery the  wall  is  produced  iixially  into  the  lumen  as  a 
loose  vacuolated  tissue,  the  centra]  vacuoles  being  larger 
and  continuous  with  each  other,  and  this  is  the  case  a.s 
far  back  as  the  middle  of  the  body.  From  thence  back- 
wards  the   vacuolated   tissue    in   the    intestine    becomes 
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looser  and  finally  disappears.     The  intestine  is  then  a 
simple,  thin- walled  tube. 

There  is  a  very  distinct  intestinal  moflOulatDre. 
From  the  posterior  wall  of  the  pharynx  a  series  of  strong 
muscle  bundles  take  origin  and  pass  backwards  slightly 
obliquely  to  be  inserted  into  the  walls  of  the  oesophaguR 
just  behind  the  pharynx.  From  here  to  the  extremity 
of  the  intestinal  branches  these  longitudinal  muscles 
persist.  They  always  appear  in  transverse  sections  of  the 
body  as  little  protuberances  on  the  external  surface  of  the 
intestine.  They  do  not,  however,  form  very  long  bundles, 
but  are  attached  at  intervals  to  the  surface  of  the  gut 
forming  a  series  of  short  loops.  They  run  quite  longitu- 
dinally, and  not  at  all  obliquely.  It  is  these  longitudinal 
muscles  which  produce  the  peristaltic  movements  of  the 
intestine.  Circular  muscle  fibres  are  not  to  be  seen  in 
section,  and  are  probably  absent.  But  here  and  there  the 
gut  is  attached  to  the  lateral  walls  of  the  body  by  fibrous 
bundles,  many  of  which  appear  to  be  muscular,  and  the 
contractions  of  these  extrinsic  intestinal  muscles  are  pro- 
bably antagonistic  to  those  of  the  intrinsic  longitudinal 
system. 

The  ventpal  suoker  is  situated  rather  nearer  to  the 
anterior,  than  to  the  posterior  extremity.  It  is  not  quite 
round  in  shape ;  the  longitudinal  diameter  is  the  larger 
in  my  specimens.  The  shape  of  the  opening  is,  of  course, 
variable,  but  is  usually  triangular.  This  sucker  possesses 
a  strong  extrinsic  musculature.  All  round  its  ventral 
periphery  strong  bundles  of  muscular  and  connective 
tissue  take  origin  and  run  out  radially  to  be  inserted 
into  the  lateral  and  ventral  body  walls.  Some  run  dorso- 
vent  rally  and  are  inserted  into  the  dorsal  body  walls. 
These  muscles,  originating  in  the  periphery  of  the  ventral 
sucker,    appear    to   constitute   the    principal    system    of 
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muscles  in  tlie  body.  Theru  are  ulsu  muBcles  which  run 
dor  so -vent  rally,  connecting  together  the  dorsal  and 
ventral  body  walls,  luul  there  iire  probably  some  longi- 
tudinally arranged  muscles,  tliough  these  latter  are  not 
very  evident.  When  the  animal  dies  the  ventral  sucker 
usually  forms  a  prominent  projection  on  the  ventral 
surface,  and  the  extremities  are  bent  dorsally.  This  is 
probably  due  to  the  relaxation  of  the  system  of  muscles 
surrounding  the  sucker,  and  to  a  contraction  of  longitu- 
dinal connective  tissue  fibres  in  the  dorsal  body  wall. 

The  genital  apeFtare  is  situated  on  the  ventral 
surface  in  the  middle  line,  and  immediately  behind  the 
bifurcation  of  the  intestine.  It  is  not  very  evident  in 
cleared  preparations  and  can  be  recognised  usually  by  the 
protruded  cirrus.     (Fig.  2.) 


ot  median  longitudiii&l 


The  Hale  Organe  (Fig.  3). 

There  are  two  testes,  nearly  spherical  in  shape,  but 
with  rather  irregular  outlines,  and  nearly  equal  in  size. 
They  arc  situated  nearly  midway  between  the  ventral 
smoker  and  the  posterior  extremity  of  the  body.  They 
lie  one  behind  the  other  in  the  middle  Hue.  A  vas 
eflbrens    takes   origin    from    each,   one   vessel   fiom    the 


antero-doraal  surface  of  the  posterior  testis,  and  the  other 
from  the  dorsal  surface  of  the  anterior  organ.  They  run 
forward,  pursuing  an  undulating  course,  penetrating 
between  the  convolutions  of  the  uterus,  and  then  dorsal 
to  the  ventral  sucker.  At  the  posterior  margin  of  the 
latter  they  join  together,  entering  at  once  into  a  capacious 
Bflminal  vesiolt. 


Pig.  3.  Atlocreadium  labraeit  {Duj.).    Diagrwn  of  genital  ducts. 
Projection  in  vertical  horizootat  plane. 

This  latter  structure  is  a  wide  tube  situated  dorsally 
to  the  ventral  sucker.  It  is  either  a  straight,  or  slightly 
bent  veeuel,  as  is  ahewn  in  tig.  8,  or  is  thrown  into  two 
or  three  loose  coils,  as  is  indicated  in  Plate  III,  which  is  a 
projection  in  a  longitudinal  plane  of  the  genital  organs, 
and  has  been  deduced  from  a  series  of  longitudinal 
sections.  The  seminal  vesicle  is  surrounded  by  a  fairly 
thick  fibrous  and  muscular  sheath — the  oirniS-Bheatb. 
At  about  the  anterior  margin  of  the  ventral  sucker  the 
seminal  vesicle  contracts  greatly  in  diameter  to  form  the 
cirrus.  But  the  cirrus- sheath  is  still  wide,  and  the  space 
between  cirrus  and  sheath  contains  the  follicles  of  the 
prostate  gland.  The  cirrus  itself  is  a  narrow,  tbick- 
walled  tube,  and  it  is  quite  unarmed.  The  cirrus-sheath 
or  pouch  terminates  in  the  ventral  and  posterior  part  <>( 
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the  genital  cloaca,  and  in  preserved  specimens  the  cirrus 
usually  protrudes  from  the  opening  of  the  former. 
The  Female  Organs  (PI.  Ill  and  fig.  3). 

The  ovapy  is  rather  small,  and  is  situated  on  the  right 
side  between  the  ventral  sucker  and  anterior  testis.  It 
is  trilobate  in  shape  in  the  published  descriptions  of  the 
species,  but  in  my  specimens  there  are  always  three  equal- 
sized,  rounded  lobes  in  a  horizontal  plane,  and  dorsal  to 
these,  and  nearly  over  the  anterior  lobe,  another  from 
which  a  short,  thin  duct  takes  origin.  Immediately 
dorsal  to  the  ovary,  and  usually  obscured  by  the  latter  in 
cleared  preparations,  is  a  capacious  reoeptaculum  seminiB. 
The  little  duct  leaving  the  ovary  joins  the  former  at  its 
anterior  border.  There  is  a  projection  of  the  recepta- 
culum  seminis  on  its  dorsal  and  anterior  part,  and  from 
this  a  fairly  wide  and  thick-walled  duct — Laurer's  oanal 
—takes  origin,  runs  at  first  backward  and  upward 
forming  a  prominent  bend,  and  then  passes  obliquely 
forward  to  open  on  the  dorsal  surface  of  the  body  and 
nearly  in  the  middle  line.  Laurer's  canal  was  empty 
in  my  specimens.  The  receptaculum  seminis  contained 
granular  matter,  the  nature  of  which  could  not  be  deter- 
mined :  it  was  probably  broken  down  spermatozoa. 

Just  where  the  duct  from  the  ovary  joins  the 
receptaculum  seminis  the  ootype  takes  origin.  This  is  a 
very  narrow  tube  which  runs  at  first  directly  forward, 
through  a  mass  of  loose  gland  follicles,  which  together 
form  the  shell-gland.  Emerging  from  the  latter  (which, 
of  course,  opens  into  it)  the  ootype  enlarges  greatly  to 
form  the  uterus,  and  the  latter  is  thrown  into  a  series  of 
close  convolutions  filling  up  most  of  the  space  between 
ovary  and  receptaculum  seminis  behind,  and  ventral 
sucker  forward.  The  uterus  is  not  nearly  so  capacious  as 
in  many  other  trematodes.      Its  general  appearance  and 


51 

distribution  is  represented  in  PI.  III.  In  fig.  3  the 
convolutions  are  represented  diagrammatically  to  secure 
clearness.  For  the  same  reason  the  eggs  have  been 
omitted  in  both  figures.  The  uterus  passes  forward  over 
the  ventral  sucker,  at  first  side  by  side,  and  then  dorsal 
to,  the  seminal  vesicle.  It  contracts  greatly  in  diameter 
in  the  neighbourhood  of  the  latter  structure.  Here,  and 
here  only,  the  uterus  is  muscular.  Just  over  the  prostate 
gland  there  is  a  sphincter  muscle  (fig.  2),  the  contraction 
of  which  usually  reduces  the  calibre  of  the  uterus  to 
much  less  than  the  diameter  of  an  ovum.  In  fig.  2  this 
sphincter  is  represented  as  a  long-drawn-out  structure, 
but  in  other  sections  I  have  seen  it  as  a  short,  thick,  flat 
ring  of  muscle  fibres.  This  indicates  that  tliere  are  pro- 
bably also  longitudinal  muscle  fibres  present,  though  it  is 
difficult  to  see  these.  The  structure  functions  doubtless 
in  the  extrusion  of  the  ova. 

Immediately  in  front  of  this  sphincter  muscle  the 
calibre  of  the  uterus  enlarges,  and  we  have  a  fairly  wide 
chamber  which  is  the  genital  cloaca  (fig.  2).  In  this, 
a«  the  figure  shows,  there  are  usually  a  few  eggs.  The 
opening  on  the  surface  of  the  body  is  circular.  Into  the 
terminal  part  of  the  genital  cloaca  there  opens  the  cirrus 
pouch,  and  usually  the  cirrus  itself  protrudes  from  the 
latter,  and  out  from  the  genital  aperture  on  to  the 
surface  of  the  body. 

The  Yitellaria  are  very  characteristic.  In  a  cleared 
preparation  they  appear  to  ramify  over  every  part  of  the 
body,  obscuring  most  of  the  other  organs.  This  is  par- 
ticularly the  case  at  the  posterior  extremity,  where  the 
vitelline  glands  appear  to  fill  up  the  whole  body.  But 
in  section  they  are  seen  to  be  arranged  peripherally, 
generally  as  a  siugle  stratum  of  gland  follicles.  At  the 
middle  of  the  body  they  are  dorsal  and  lateral.    In  front 
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of  the  ventral  sucker  they  are  present  only  beneath  the 
dorsal  body  wall.  In  the  region  of  the  testes  they  are 
lateral  (fig.  4)  and  do  not  appear  on  dorsal  and  ventral 
surfaces.  Behind  the  testes  they  are  distributed  round 
the  entire  periphery  of  the  body.  They  are  very 
numerous,  and  when  the  worm  is  contracted  greatly 
appear  very  clotiely  packed  together,  so  that  it  is  almost 
impossible  to  make  out  the  other  organs.  Indeed  it  is 
only  by  killing  the  trematode  in  fresh  water,  and  then  by 
flattening  it  out  between  two  microscope  slides  during 
fixation,  that  the  animal  can  be  preserved  in  a  condition 
fit  for  staining  and  clearing. 


Test 


Ercrelorvdurt 


The  vitallina  doots  bave  the  usual  disposition.  It 
is  not  difficult  to  trace  most  nf  their  ramifications  iu  a 
successful  preparation.  One  main  Inngitiulinal  duct  runs 
along  either  side  of  the  body,  and  to  this  numerous 
ductules  proceed  from  the  follicles  of  the  gtund.  At  about 
the  transverse  level  of  the  ovary  fairly  wide  transverse 
ducts  appear,  and  these  run  across  towards  the  middle 
line,  uniting  to  form  a  rather  large  vesicle,  which  is,  of 
course,  only  an  enlargement  of  the  united  duels.  From 
this  vesicle  a  slender  efEerent  duct  takes  origin,  and  runs 


Allocremlium  labracis  (Dujardiii).     ItotftaX  aspect. 
BecoziBlructed  from  secial  sections  mag.  =  f(.1%> 
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obliquely  forward  to  pass  into  the  midst  of  the  fallicles 
of  the  shell  gland.  It  is  difficult  to  trace  in  section,  but 
can  be  seen  to  open  into  the  ootype  as  the  latter  passes 
through  the  shell-gland. 

The  exoretory  system  cannot  be  traced  in  sections. 
There  is  one  main  vessel  which  opens  to  the  surface  at  the 
very  posterior  tip  of  the  body.  It  is  elongated  dorso- 
ventrally.  It  can  easily  be  traced  in  section  as  far 
forward  as  the  testes,  and  here  it  is  lost.  Doubtless  it 
breaks  up  in  the  characteristic  manner  into  a  multitude 
of  smaller  vessels,  but  I  could  see  no  indication  of  the 
usual  two  lateral  excretory  vessels  uniting  in  the  region 
of  the  oral  sucker.  But  it  is  always  much  easier  to  trace 
the  excretory  system  in  the  living  worm,  and  I  had  no 
opportunity  of  examining  such  specimens. 


Plate  III. 

Allocreadium  lahracis  (Dujardin). 

Reconstructed  from  a  series  of  transverse  sections. 
Magnified  about  18  diameters. 
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REPORT  ON  THE  HYDROGRAPHIC  WORK  IN  THE 

EASTERN  PORTION  OF  THE  IRISH  SEA  BETWEEN 

JULY,  1906,  AND  NOVEMBER,  1907. 

By  Henry  Bassett,  Jun.,  B.Sc,  Ph.D.,  Demonstrator  and 
Assistant  Lecturer  in  Chemistry  in  the  University 

of  Liverpool. 

The  seas  surrounding  the  British  Isles  are  filled  with 
only  slightly  diluted  Atlantic  water. 

Speaking  generally,  the  water  filling  the  Irish  Sea  is 
a  good  deal  more  dilute  than  that  in  the  English  Channel 
and  the  North  Sea,  and,  owing  to  the  tidal  current  which 
runs  from  South  to  North  through  the  Irish  Sea  and  round 
the  North  Coast  of  Scotland,  the  water  from  the  Irish  Sea 
plays  a  very  important  part  in  the  dilution  of  the  Atlantic 
water  which  goes  to  fill  the  North  Sea. 

The  Irish  Sea  is  plainly  so  dilute  because  of  the  large 
volumes  of  fresh  water  flowing  into  it  from  the  land. 

Now  a  very  large  proportion  indeed  of  the  fresh 
water  running  into  the  Irish  Sea  runs  into  that  portion 
of  it  which  is  situated  to  the  East  of  a  line  drawn  from 
Burrow  Head,  in  Wigtownshire,  due  South  to  Anglesey ; 
for  most  of  the  drainage  from  the  parts  of  England  and 
North  AVales  having  the  largest  rainfall  passes  into  this 
portion.  This  part  of  the  Irish  Sea  is  also  remarkable  for 
its  strong  tides,  and  these,  owing  to  the  peculiar  con- 
formation of  the  coast  line,  and  the  position  of  the  Isle 
of  Man,  cause  a  very  thorough  mixing  of  the  waters,  and 
ensure  the  efficient  dilution  of  any  salter  water  coming  in 
from  the  South. 
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A  study  of  the  salinity  of  this  portion  of  the  Irish 
Sea  promised,  therefore,  to  be  of  considerable  interest. 

For  some  years  past  temperature  and  salinity 
measurements  at  various  depths  have  been  made  in  the 
Western  portion  of  the  Irish  Sea  by  the  Irish  Board  of 
Agriculture  and  Technical  Instruction,  under  the 
direction  of  Mr.  E.  W.  L.  Holt :  but  up  to  1906  the  Eastern 
portion  had  been  left  almost  entirely  alone.  From  1904 
onwards  the  "  Bulletins  trimestriels  du  Conseil  permanent 
international  pour  Texploration  de  la  mer "  give  the 
results  of  salinity  and  temperature  observations  made  on 
surface  samples  collected  by  the  Bahama  Bank  (54°  19' 
N ;  40°  13'  E)  and  Cardigan  Bay  (52°  24'  N ;  5°  00'  E) 
lightships.  From  this  information  surface  isohalines  are 
drawn  in  the  published  charts. 

In  July,  1906,  a  systematic  study  of  the  Eastern  por- 
tion of  the  Irish  Sea  was  begun  under  the  scheme  of 
hydrographic  observations  sanctioned  by  the  Lancashire 
and  Western  Sea-Fisheries  Committee.  On  the  first 
voyage  samples  were  collected  from  points  situated  on 
lines  drawn  from  Piel  Gas  Buoy  to  Maughold  Head,  and 
from  the  Calf  of  Man  to  Holvhead  breakwater.  A  few 
samples  from  other  positions  were  also  collected  on  this 
trip.  These  two  lines  were  kept  to  until  the  end  of  1906, 
during  which  interval  of  time  two  more  trips  were  made. 

For  the  next  two  trips  (February  and  May,  1907)  the 
first  line  of  soundings  was  altered  to  one  running  W.N.W. 
from  Piel  Gas  Buoy  instead  of  X.W.  The  other  line 
remained  as  before. 

Finally,  in  July,  1907,  the  first  line  underwent  a 
slight  alteration  so  as  to  make  it  run  along  the  54°  of 
latitude  and  to  bring  it  into  agreement'  with  the  line  of 
soundings  run  out  from  the  Irish  Coast  to  the  Calf  of 
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Man  by  Mr.  Holt.  The  line  from  the  Calf  of  Man  to 
Holyhead  still  remained  as  before. 

In  May,  1907,  the  area  under  investigation  was 
extended  somewhat,  an  additional  line  of  soundings  being 
run  across  Carnarvon  and  Cardigan  Bays. 

The  water  samples,  except  those  from  the  surface, 
have  always  been  collected  by  means  of  a  Nansen- 
Pettersson  water-bottle,  while  the  temperatures  have  been 
taken  with  the  usual  pattern  of  thermometer  used  in  the 
International  Fishery  Investigations.  The  titrations  of 
the  water  samples  have  been  carried  out  in  the  usual  way 
by  Mohr's  method,*  and  the  salinities,  etc.  calculated  by 
means  of  Knudsen's  Hydrographic  tables.  The  titrations 
have  all  been  done  by  myself,  but  I  have  only  occasionally 
been  able  to  go  out  on  the  steamer  collecting  the  samples. 
The  latter  have  usually  been  obtained  by  my  colleague, 
Mr.  James  Johnstone,  whom  I  have  much  pleasure  in 
thanking  for  this  and  much  other  assistance. 

My  thanks  are  also  due  to  Captain  A.  Wignall,  of  the 
**  John  Fell,''  the  steamer  of  the  Lancashire  and  Western 
Sea-Fisheries  Committee,  from  which  all  the  observations 
have  been  made,  for  the  skill  with  which  he  has  fixed  the 
positions    of    the    soundings. 

The  salinites  and  other  details  for  the  various 
stations  are  given  in  the  following  tables.  The 
first  column  gives  the  depth  in  metres;  T°  is  the 
temperature  (Centigrade)  of  the  water  in  situ ;  CI  7oo  ^8 
the  amount  of  chlorine  per  1000  parts  of  water  as  found 

by  the  titration ;  S  7oo  is  the  salinity ;  and  1  +   Tf)C)o  gives 

the  density  of  the  sample  of  water  at  the  temperature  T°. 
The  position  of  the  station  and  the  date  on  which  the 
samples  were  collected  are  given  above  each  table. 

"^For  details  of  the  method  as  applied  to  hydrographic  work,  see  Niels 
Bjerrum,   Meddelelser  fra  Kommissionen  for  Havundersogelser.     Serie 
Hydrografi.     Vol.  I,  No.  3. — Copenhagen,  1904. 


57 


July  2  to  5,  1906. 

The  positions  on  the  two  chief  lines  are  given  first. 

5/7/06.     54°  4'  N. ;   3^  23'  W.     Depth  of  station,  22 
metres. 


Depth  (metres) 

rpo 

C17oo 

S7c« 

o-, 

0 

9-2 
18-3 

14-15 

13-5 

13-5 

18-18 
18-16 
1816 

32-84 
32-81 
32-81 

24-52 
24-64 
24-64 

5/7/06.      54°  7'  N. ;   .3°  :{7'  W.       Depth  of  station, 
30"2  metres. 


Depth  (metres) 

fPO 

ci7co 

S7oo 

o-t 

0 

9-2 
18-3 
27-5 

15-96 
13-5 
12-2 
11-9 

18-14 
1815 
18-36 
18-39 

32-77 
32-79 
33-17 
33-22 

24-08 
24-62 
2514 
25-26 

5/7/OG. 
metres. 


54°  11'  N. ;  3°  51'  W.     Depth  of  station,  275 


Depth  (metres) 

fPO 

C17oo 

S7co 

o-i 

0 

9-2 
18-3 
25-6 

15-55 
12-80 
12-30 
12-25 

18-14 
18-29 
18-46 
18-46 

32-77 
3304 
33-35 
33-35 

24-18 
24-95 
25-28 
25-29 

5/7/06.     54°  14'  N. ;  4"  3'  W.     Depth  of  station,  27-6 
metres. 


Depth  (metres) 

rpo 

ci7co 

S7oo 

o-i 

0 

92 
23-8 

14-6 
12-6 
12-3 

18-44 
18-52 
18-54 

33-31 
33-46 
33-49 

24-77 
26-28 
25-38 

58 

3/7/06.     53°  55'  N. :  4°  56'  W. 
metres. 


Depth  of  station,  76*9 


Depth  (metres) 

qio 

0l7oo 

8  7oo 

0*1 

0 

12-46 

18-93 

34-24 

25-89 

9-2 

1215 

18-90 

34-14 

25-90 

18-3 

1215 

18-92 

34-18 

25-93 

36-6 

11-45 

18-92 

34-18 

26-07 

54-9 

9-97 

18-94 

34-22 

26-36 

73-2 

9-55 

18-94 

34-22 

26-42 

3/7/06. 
metres. 


53°  49'  N. ;  4°  46'  W.     Depth  of  station,  531 


Depth  (metres) 

rpo 

0l7cx> 

S7oo 

o"t 

0 

1119 

18-91 

34-16 

26-10 

9-2 

1102 

18-90 

34-14 

26-14 

18-3 

1102 

18-90 

34-14 

26-14 

36-6 

11-00 

18-91 

34-16 

26-15 

51-3 

11-00 

18-90 

34-14 

26-14 

3/7/06. 
metres. 


53°  37'  X. ;  4°  42'  W.     Depth  of  station,  549 


Depth  (metres) 

rpo 

C17oo 

S7oo 

o-t 

0 

11-72 

18-89 

3413 

25-97 

9-2 

1100 

18-90 

3414 

26-14 

18-3 

11-00 

18-89 

34-13 

26-12 

36-6 

11-00 

18-90 

3414 

26-14 

54-9 

1100 

18-90 

3414 

26-14 
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3/7/06.     53°  29'  N. ;  4°  40'  W. 
metres. 


Depth  of  station,  64'1 


Depth  (metres) 

fPO 

ci7oo 

S7co 

o-t 

0 

11-80 

18-85 

34-05 

25-90 

9-2 

11-62 

18-82 

3400 

25-88 

18-3 

11-60 

18-82f 

3400 

25-88 

36-6 

11-60 

18-83 

34-02 

25-90 

54-9 

11-55 

18-86 

3407 

25-94 

3/7/06. 

53°  24'  N. ; 

4°  39'  W. 

Depth  (metres) 

rpo 

Ol°/co 

S°/oo 

*Tt 

0 

11-65 

18-87 

3409 

25-96 

Samples    were    only    collected    from    the   following 
stations  on  this  one  trip. 

2/7/06.     53°  26'  N. ;  4°  26'  W. 


Depth  (metres) 

rpo 

ClVoo 

S°/oo 

Tx 

27-5 

12-20 

18-75 
4°  34'  W. 

33-87 

26-70 

3/7/06.     54°  22'  N. ; 

Depth  (metres) 

rpo 

Cl°/co 

S°/oo 

o-t 

0 

1210 

18-89 

3413 

26-90 

3/7/06.     540  25'  N. ; 
metres. 

4°  2X'  W. 

Cl°/oc 

Depth  of  sU 

ition,  23-8 

Depth  (metres) 

rpo 

S°/oc 

• 

Ox 

0 

9-2 
18-3 

12-45 
12-00 
12-00 

18-78 
18-78 
18-76 

33-93 
33-93 
33-89 

26-68 
26-78 
26-76 
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3/7/06.     54°  22'  X. ;  4°  19'  W.     Depth  of  station,  31-1 
metres. 


Depth  (metres) 

qio 

01  7oo 

8  7oo 

o-t 

0 

9-2 
18-3 
27-5 

12-95 
12-30 
12-23 
12-23 

18-58 

18-56 

18-57 

1      18-58 

1 

33-57 
33-53 
33-55 
33-57 

25-31 
25-41 
25-44 
25-45 

1 

:)/7/0().     54°  22'  N. ;  4°  2'  W.     Depth  of  station,  40-:{ 
metres. 


Depth  (metres) 

1 

qio             1 

01  °/oo 

S7co 

o-t 

0 

9-2 
18-3 
36-6 

141 
12-70 
12-60 
11-35 

18-29 
18-31 
18-32 
18-46 

33-04 
33-08 
3310 
33-35 

i 

24-69 
24-98 
25-01 
25-45 

5/7/06.     54°  0'  N. ;  3 

°  13'  W. 

Depth  (metres) 

qio 

CI  7oo 

S7oo 

o"t 

0 

1700 

17-53 

31-67 

23-00 

5/7/06.     540  3'  N. ;  [^ 

|o  10^  AV. 

Depth  (metres) 

mo 

CI  7oo 

8  7oo 

o-t 

0 

15-90 

18-09 

1 

32-68 

2401 

5/7/06.     53058'  X.; 

3°  9'  W. 

Depth  (metres) 

1 
1 

rr\o 

1 

I 

^    loo 

o"t 

0 

1600 

17-64 

1 

31-87 

23-37 
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Surface  samples  collected  on  July  9  and  10,  1906. 


Position. 

rpo 

C17co 

S7c« 

• 

53°  19'  N. ;  4°  43'  W. 

12-9 

18-88 

34-11 

25-76 

53°  lO'  N. ;  4°  43'  W. 

12-2 

18-95 

34-23 

26-98 

53°  r  N. ;  4°  44'  W. 

11-4 

19-03 

34-38 

26-25 

52°  52'  N. ;  4°  45'  W. 

11-9 

19-02 

34-36 

2614 

52°  47'  N. ;  4°  43'  W. 

12-9 

18-89 

34-13 

25-76 

52°  26'  N. ;  4°  34'  W. 

13-5 

18-86 

34-07 

26-61 

52°  18'  N. ;  4°  27'  W. 

14-8 

18-82 

3400 

25-27 

52°  13'  N. ;  4°  24'  W. 

15-0 

18-69 

33-77 

25-04 

September  18  and  September  19,  1906. 
18/9/06.     54°  :r  N. ;  3°  22'  W. 


Depth  (metres) 

mo 

ci7oo 

S7oo 

O"! 

0 

9-2 
22-0 

15-20 
13-50 
13-50 

18-25 
18-26 
18-24 

32-97 
32-99 
32-95 

24-40 
24-77 
24-74 

18/9/06. 

54°  V  N. ; 

30  \\&  W. 

Depth  (metres) 

rpo 

V-'l      /OO 

S7oo 

o-t 

0 

9-2 
18-3 
27-5 

15-00 
14-00 
14-00 
1400 

18-38 
18-37 
18-51 
18-53 

33-21 
33-19 
33-44 
33-48 

24-63 
24-83 
25-02 
25-04 

18/9/06. 

540  10'  N. 

;  :io  50'  W. 

Depth  (metres) 

rpo 

CI  7oo 

S7oo 

O"! 

0 

9-2 
18-3 
27-5 

15-2 
14-0 
140 
140 

18-44 
18-46 
18-47 
18-47 

33-31 
33-35 
33-37 
33-37 

24-67 
24-94 
24-95 
24-95 
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18/9/06. 

54^  14'  N. 

;  40  2'  W. 

Depth  (metres) 

rpo 

ci7oo 

S7oo 

o-t 

0 

9-2 
18-3 
27-5 

15-0 
140 
14-0 
140 

18-52 
18-52 
18-52 
18-52 

33-46 
33-46 
33-46 
33-46 

24-81 
2501 
25-01 
25-01 

19/9/06.     530  56'  N. ;  4°  47'  W. 


Depth  (metres) 


0 

9-2 
18-3 
36-6 
53-1 


CI  7 


00 


S7oo 


13-7 
130 
13-0 
13-0 
130 


18-84 
18-85 
18-84 
18-84 
18-84 


3404 
34-05 
3404 
34-04 
3404 


25-54 
25-68 
25-67 
25-67 
25-67 


19/9/06.     53°  47'  N. ;  4°  46'  W. 


Depth  (metres) 

rpo 

0l7oo 

S7oo 

o-i 

0 

13-7 

18-89 

34-13 

25-60 

9-2 

13-5 

18-88 

34-11 

25-63 

18-3 

13-2 

18-88 

34-11 

25-69 

36-6 

13-2 

18-88 

34-11 

25-69 

58-6 

13-2 

18-88 

34-11 

25-69 

19/9/06.     53°  38'  N. ;  4°  43'  W. 


Depth  (metres) 

mo 

C17oo 

S7oo 

o-i 

0 

13-8 

18-89 

34-13 

25-60 

18-3 

13-5 

18-90 

34-14 

25-66 

36-6 

13-5 

18-88 

34-11 

25-63 

54-9 

13-5 

18-89 

3413 

25-66 

69-5 

13-2 

18-88 

34-11 

25-69 
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19/9/06.     53°  28'  N. ;  4°  40'  W. 


Depth  (metres) 

fPO 

0l7oo 

S7oo 

.    <^i 

0 

14-7 

18-84 

34-04 

25-34 

9-2 

13-8 

18-82 

34-00 

25-49 

18-3 

13-8 

18-84 

34-04 

25-54 

36-6 

13-5 

18-83 

3402 

25-57 

64-1 

13-5 

18-83 

34-02 

25-57 

November  13 — November  14, 1906. 
13/11/06.     54°  3'  N. ;  3°  22'  W. 


Depth  (metres) 

rpo 

0l7oo 

S7oo 

<ri 

0 

9-2 
25-7 

11-0 
11-0 
11-0 

18-49 
18-49 
18-49 

33-40 
33-40 
33-40 

26-56 
25-56 
25-56 

13/11/06.    54°  7'  N. ;  3°  36'  W. 


Depth  (metres) 


CI  7. 


00 


S7 


oo 


<rt 


0 

9-2 
27-5 


111 
11-3 
11-3 


18-62 
18-62 
18-65 


33-64 
33-64 
33-69 


25-72 
25-68 
25-72 


l;Vll/OG.     54°  lO'  N. ;  3°  50'  W. 


Depth  (metres) 

rpo 

C17oo 

S7oo 

<rt 

0 

9-2 
26-5 

111 

10-7 
10-7 

18-30 
18-28 
18-29 

33-06 
3303 
33-04 

25-27 
25-30 
25-31 
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13/11/06.     54°  14'  N. ;  4°  2'  W. 


Depth  (metres) 

rpo 

01  °/oo 

8  7oo 

o-t 

0 

9-2 
22-0 

10-6 
10-6 
10-6 

18-29 
18-30 
18-25 

33-04 
33-06 
32-97 

25-33 
25-34 
25-27 

14/11/06.     53°  56'  N. ;  4°  47'  W. 


Depth  (metres) 

T°             CI  7oo 

S7co 

o-t 

0 

9-2 
27-5 
45-8 

11-3               18-78 
11-1               18-74 
11-1         ,      18-75 

11-1               18-75 

1 

33-93 
33-86 
33-87 
33-87 

25-90 
25-88 
25-90 
25-90 

14/11/06.     53°  47'  N. ;  4°  45'  W. 


Depth  (metres) 

1 

T°             CI  7cx, 

1 
S  7oo      1       <^. 

0 

9-2 
36-6 
64-1 

11-8 
11-6 
11-6 
11-6 

18-83 
18-84 
18-82 
18-82 

3402             25-89 
34-04             25-93 
34-00             25-90 
34-00             25-90 

1 

14/11/06.     53°  38'  N. ;  4°  43'  W. 


1 

Depth  (metres)!         T°              CI  ^^o 

1 

1 

0              1       12-0         ,       18-84 
9-2           1       11-9               18-83 

45-8           1       120               18-84 

1                     1 

1 

34-04             25-86 
3402       1      25-87 
3404       ,      25-86 

1 
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February  13— February  18,  1907. 
13/2/07  (10-40  a.m.)     54°  1'  N. ;  ■1°  30'  W. 


Depth  (metres) 

rpo 

01  °/oo                 S  Xo 

o-t 

0 

18-3 
27-5 

3-6 
3-5 
3-5 

17-88             32-30 
17-89             32-32 
17-89             32-32 

25-71 
25-74 
25-74 

13/2/07  (11-50  a.m.)     54°  2'  N. ;  3°  47'  W. 


Depth  (metres) 


0 

18-3 
36-6 


4-6 
3-4 
3-5 


18-22 
18-21 
18-22 


S7oo 


32-92 
32-90 
32-92 


13/2/07  (1-0  p.m.)     540  2'  N. ;  4^  4'  W. 


Depth  (metres) 


0 

18-3 
27-5 


5-9 
5-3 
5-3 


CI  7 


00 


18-40 
18-37 
18-38 


S7 


00 


33-24 
33-19 
33-21 


26-08 
26-19 
26-19 


26-22 
26-23 
26-24 


13/2/07  ( 

2-10  p.m.) 

mo 

54°  3'  N. ; 

4°  20'  W. 

S7oo 

Depth  (metres) 

Cl7oo 

o-i 

0 

18-3 
34-8 

5-65 

5-6 

5-6 

18-54 
18-54 
18-53 

33-49 
33-49 
33-48 

26-44 
26-44 
26-43 

18/2/07  (1-0  p.m.) 

530  53'  N. ; 

40  Hj'  W. 

Depth  (metres) 

rpo 

C17oo 

S  °/oo 

o-i 

0 

18-3 
36-6 
54*9 

7-3 
6-9 
6-9 
6-9 

19-04 
19-03 
19-03 
19-03 

34-40 
34-38 
34-38 
34-38 

26-93 
26-97 
26-97 
26-97 

K 
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18/2/07  (11-55  a.in.)     53°  43'  N. ;  4°  44'  W. 


Depth  (metres) 

T 

^1  7oo 

8  7oo        ' 

1 

o-i 

0 

18-3 
36-6 
54-9 

7-2 
6-9 
6-9 
6-9 

1900 
18-98 
18-99 
18-99 

34-33 
34-29 
34-31 
34-31 

26-89 
26-90 
26-92 
26-92 

18/2/07  (10-45  a.m.) 

530  3;v  N. 

. ;  40  41'  \V. 

• 

Depth  (metres) 

T* 

Cl^/00 

8°/oo 

j 

o-x 

0 

18-3 
36-6 
54-9 

6-7 
6-5 
6-5 
6-5 

18-68 
18-69 
18-69 
18-72 

33-75 
33-77 
33-77 

33-82 

1 

i 

26-49 
26-54 
26-64 
26-59 

May  6— May  8, 1907. 

6/5/07  (8-50  a.m.)     54°  1'  N. ;  3^  31'  W.     Depth  of 
station,  28  metres. 


Depth  (metres)!         T* 


0 

9-2 
18-3 
27-5 


7-95 

7-8 
7-7 
7-65 


18-02 
1803 
18-07 
18-19 


S°/ 


oo 


32-56 
32-57 
32-65 
32-86 


25-39 
25-43 
25-49 
25-66 


H/5/07  (10  a.m.) 
station,  40*3  metres. 


Depth  (metres) 


0 

9-2 
18-3 
36-6 


8-2 
7-75 
7-7 
7-8 


54°  2'  N.:   3°  47'  W.       Depth  of 


18-50 
18-48 
18-50 
18-57 


33-42 
33-39 
33-42 
33-55 


26-03 
2607 
26-10 
26-20 


fi' 


6/5/07   (11    a.m.) 
station,  88-5  metres. 


540  2'  N. ;  40  4'  W.       Depth    of 


Depth  (metres) 


0 

9-2 
18-3 
36-6 


8-4 
7-75 
7-8 
7-7 


1863 
18-64 
18-63 
18-68 


33-66 
33-68 
33-66 
33-75 


26-18 
26-30 
26-28 
26-36 


6/5/07    (noon).       54°  :r  N.;   4°  20' W.       Depth    of 
station,  42*1  metres. 


Depth  (metres)' 


CI  7 


00 


80/ 
/o'o 


0 

9-2 
18-3 
36-6 


8-1 

18-96 

34-25 

26-69 

7-85 

'       18-97 

34-27 

26-75 

7-85 

18-97 

34-27 

26-75 

7-8 

18-96 

34-25 

26-73 

7/5/07  (8-40  a.m.) 
station,  04*1  metres. 


53°  5;3'  N. ;  4^  4G'  W.     Depth  of 


Depth  (metres) 

rpo 

CI  °/oo 

S  °/oo 

o-i 

0 

7-8 

1900 

34-33 

2679 

9-2 

7-5 

19-02 

34-36 

26-87 

18-3 

7-6 

19-04 

34-40 

26-90 

36-6 

7-6 

19-05 

34-42 

26-91 

60-4 

7-6 

1905 

34-42 

26-91 

7/5/07  (10  a.m.) 
station,  64-1  metres. 


Depth  (metres) 


530  43'  X. ;  40  44'  W 


Depth  of 


0 

9-2 
18-3 
36-6 
60-4 


a 


O/ 


'  00 


s°/ 


00 


7-95 

18-98 

34-29 

26-74 

7-75 

18-97 

34-27 

26-78 

7-75 

18-99 

34-31 

26-81 

7-7 

18-98 

34-29 

26-79 

7-7 

19-00 

34-33 

26-82 

-iB. 
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7/5/07  (11-25  a.m.)     53°  33'  N. ;  4°  41'  W.     Depth  of 
station,  58*6  metres. 


Depth  (metres) 

rpo 

CI  ^  CO 

S°/oo 

O-X 

0 

8-1 

18-80 

33-96 

26-46 

9-2 

80 

18-78 

33-93 

26-46 

18-3 

8-0 

18-78 

33-93 

26-46 

36-6 

8-0 

18-79 

33-95 

26-48 

54-9 

8-0 

18-79 

.    33-95 

26-48 

7/5/07  (2-25  p.m.) 
station,  58-6  metres. 


53°  5'  N. ;  4°  44'  W.     Depth  of 


Depth  (metres) 

fPO 

Cl°/oo 

S^/oo 

o-t 

0 

8-3 

18-95 

34-23 

26-65 

9-2 

8-1 

18-95 

34-23 

26-69 

18-3 

7-95 

18-96 

34-25 

26-71 

36-6 

7-9 

18-94 

34-22 

26-69 

54-9 

7-9 

18-94 

34-22 

26-69 

8/5/07  (10-30  a.m.)     52°  24'  N. :  4°  43'  W 
station,  40-3  metres. 


8/5/07  (9-15  a.m.)     52°  34'  N. ;  4°  45'  W.     Depth  of 
station,  43-9  metres. 


i 

Depth  (metres) 

mo 

C17oo 

8°/oo 

o-t 

1 
0              1 

8-7 

18-84 

34-04 

26-44 

9-2 

8-4 

18-84 

34-04 

26-49 

18-3 

8-4 

18-84 

34-04 

26-49 

36-6 

1 

8-4 

18-84 

34-04 

26-49 

Depth  of 


Depth  (metres) 

i 
T°        '     CI  °/^ 

S7oo 

<Tx 

0 

9-2 
18-3 
36-6 

8-8         1      18-81 
8-7               18-81 
8-65       '      18-81 
8-6               18-81 

CO  CO  CO  CO 
CO  CO  CO  CO 

CO  CO  CO  CO 
00  00  00  00 

26-38 
26-39 
26-39 
26-40 
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July  29— July  30,  1907. 

29/7/07  (8-30  a.m.)       54^  N. ;  3^  30'  \V 
station,  27*5  metres. 


Depth  of 


Depth  (metres) 


0 

9-2 
18-3 
27-5 


15-8 
13-5 
13-0 
13-0 


cr/ 


oo 


S°/oo 


17-64 
17-76 
18-11 
18-13 


31-87 
3209 
32-72 
32-75 


23-42 
24-07 
24-66 
24-69 


29/7/07  (9-50  a.m.) 
station,  36-6  metres. 


540  N. ;  30  47'  W.       Depth  of 


Depth  (metres) 

rpo 

S  °/oo 

o-i 

0 

9-2 
18-3 
36-6 

13-0 
12-8 
12-8 
12-8 

18-67 
18-71 
18-72 
18-71 

33-73 
33-80 
33-82 
33-80 

26-43 
26-54 
26-56 
26-54 

29/7/07  Ul-lOa.m.) 
station,  36*6  metres. 


540  N.;  4°  4'  W.       Depth  of 


Depth  (metres) 


0 

9-2 
18-3 
36-6 


26-68 
26-78 
26-78 
26-76 


29/7/07  (12-30  p.m.)     54°  ^^;   4^  20'  W.     Depth  of 
station,  45*8  metres. 


Depth  (metres) 

0 

18-3 
36-6 
45-8 


12-6 
12-3 
12-3 
12-3 


01° 

^  *    /oo 


18-88 
18-88 
18-87 
18-87 


S 


/OO 


34-11 
34-11 
34  09 
34-09 


25-81 
25-87 
25-85 
25-85 
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29/7/07  (3  p.m.)     53°  53'  N. ;  4°  46'  W 
station,  73'2  metres. 


29/7/07  (4-25  p.m.)     53°  43'  N. :  4°  44'  W 
station,  54'9  metres. 


Depth  of 


Depth  (metres) 

mo 

Cl^oo 

S°/oo 

a-t 

0 

18-3 
36-6 
64-1 

12-3 
121 
12-0 
11-9 

18-89 
18-88 
18-88 
18-87 

34-13 
3411 
3411 
34-09 

25-88 
25-90 
25-92 
25-92 

Depth  of 


Depth  (metres) 


0 

18-3 
36-6 
53-1 


121 
11-9 
11-9 
11-9 


a°/ 


oo 


^    /oo 


18-87 
18-87 
18-87 
18-87 


3409 
34-09 
34-09 
34-09 


25-88 
26-92 
26-92 
25-92 


29/7/07  (5-45  p.m.)     53^  33  N. :  4°  41'  W.     Depth  of 
station,  54*9  metres. 


Depth  (metres) 


0 

18-3 
36-6 
531 


CI 


/ 


oo 


s 


oo 


12-9 
12-7 
12-7 
12-7 


18-81 
18-80 
18-80 
18-80 


33-98 
33-96 
33-96 
33-96 


25-66 
25-68 
25-68 
25-68 


29/7/07  (8-45  p.m.)     Mo  5'  N. ;  4°  44'  W.     Depth  of 
station,  64-1  metres. 


Depth  (metres) 

0 

18-3 
36-6 
54-9 


CI 


oo 


u  o 


oo 


13-25 
12-8 
12-5 
12-5 


18-84 
18-86 
18-87 
18-87 


3404 
3407 
34-09 
3409 


25-63 
25-75 
25-82 
25-82 
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•30/7/07  (8  a.m.) 
station,  36*6  metres. 


52°  34'  N. ;  4°  45'  W.       Depth  of 


Depth  (metres) 

rpo 

CI  \o 

S^/oo 

0-! 

0 

9-2 
18-3 
36-6 

11-9 
11-8 
11-6 
11-6 

18-85 
18-85 
18-86 
18-85 

34-06 
34-06 
3407 
34-05 

26-90 
26-92 
26-98 
26-96 

30/7/07  (9-25  a.m.) 
station,  36-6  metres. 


520  24'  X. :  4°  43'  W.     Depth  of 


Depth  (metres) 


November  4 — November  6,  1907. 

4/11/07  (11-5  a.m.)       54^  N. ;  3°  30'  W. 
Htation,  29*3  metres. 


26-38 
26-63 
26-54 
26-64 


Depth  of 


Depth  (metres) 

q^O 

Cl"/oo 

S°/^ 

1 

0 

9-2 
18-3 
27-5 

11-5 
11-55 
11-7 
11-7 

12-15  p.m.) 
metres. 

18-32 
18-37 
18-44 

18-45 

1 

33-10 
33-19 
33-31 
33-33 

26-23 
26-31 
26-38 
26-39 

1 

4/11/07  ( 
station,  398  i 

54^^  N. ; 

30  47'  W. 

Depth  of 

Depth  (metres) 

qiO 

CI  ^'/oo 

S°/oo 

<Tx 

0 
9-2 

18-3 

36-6 

11-9 
11-8 
11-8 
11-8 

18-62 
18-63 
18-63 
18-63 

33-64 
33-66 
33-66 
33-66 

26  58 
25-61 
26-61 
25-61 

f    a^ 


4/11/07  (1-24  p.m.) 
station,  42*1  metres. 


54°  N. ;   4°  4'  W.       Depth  of 


Depth  (metres) 

rpo 

Cl°/oo 

S^/oo 

o-t 

0 

9-2 
18-3 
36-6 

11-8 
11-75 
11-7 
11-8 

18-75 
18-74 
18-75 
18-75 

33-87 
33-86 
33-87 
33-87 

25-78 
25-77 
25-80 
25-78 

4/11/07  (2-30  p.m.)      54°  N. :  4°  20'  W.       Depth  of 
station,  46"7  metres. 


Depth  (metres) 

rpo 

01 7oo         s  °/,, 

o-i 

0 

9-2 
18-3 
40-3 

11-8 
11-75 
11-75 
11-75 

18-76             33-89 
18-75             33-87 
18-75             33-87 
18-75             33-87 

25-79 
25-78 
25-78 
25-78 

5/11/07  (10  a.m.) 
station,  87*8  metres. 


53°  53'  N. ;  4°  4(i'  W.     Depth  of 


Depth  (metres) 

q^o 

C17oo 

S  °/oo 

<Tt 

0 

12-45 

18-82 

34-00 

25-75 

18-3 

12-6 

18-82 

34-00 

25-73 

36-6 

12-4 

18-80 

33-96 

25-74 

54-9 

12-4 

18-80 

33-96 

25-74 

82-4 

12-4 

18-82 

34-00 

25-77 

5/11/07  (11-25  a.m.)     53°  43'  N. :  4°  44'  W.     Depth 
of  station,  64'1  metres. 


Depth  (metres) 

rpo 

CI  7oo                   S  °/oo 

0-, 

0 

18-3 
36-6 
54-9 

12-7 
12-7 
12-6 
12-6 

18-79       1      33-95 
18-79             33-95 
18-79             33-95 
18-78             33-93 

1 

25-67 
25-67 
25-69 
25-67 
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5/11/07  (12-35  p.m.)     53°  33'  N. ;  4°  41'  W 
of  station,  64"1  metres. 


Depth 


Depth  (metres) 

rrxo 

CI  °/oo 

S°/oo 

o-t 

0 

18-3 
36-6 
54-9 

12-4 
12-3 
12-4 
12-4 

18-67 

,       18-67 

18-67 

18-67 

1 

33-73 
33-73 
33-73 
33-73 

26-56 
25-57 
25-55 
25-55 

6/11/07  ( 
of  station,  64* 

ll-:iOa.m.) 
1  metres. 

53°  5'  X. 

:  40  44'  W 

Depth 

Depth  (metres) 

rpo 

CI  °/oo 

S^oo 

o-t 

0 

18-3 
36-6 
50-3 

12-6 
12-5 
12-5 
12-5 

19-16 
19-15 
19-15 
19-15 

34-61 
34-60 
34-60 
34-60 

26-21   1 
26-21 
26-21 
26-21     I 

(i/ll/o;  (; 

station,  3G*6  i 

2-:{0p.m.) 
netres. 

520:i4'N.: 

40  45'  W. 

Depth  of 

Depth  (metres) 

rpo 

CI  %o 

S7oo 

o-t 

0 

9-2 
18-3 
36-6 

12-35 
12-35 
12-35 
12-4 

18-98 
18-95 
18-96 
18-96 

34-29 
34-23 
34-25 
34-25 

26-00 
25-96 
25-97 
25-97 

0/11/07  (; 
station,  86*6  i 

1-50  p.m.) 
netres. 

52°  24'  N. 

CI  °/oo 

:  40  4:3'  W. 

Depth  of 

Depth  (metres) 

rpo 

1 

o-i 

0 

9-2 
18-3 
34-8 

12  1 
1215 
12-3 
12-2 

18-84 
18-82 
18-84 
18-85 

34-04 
34-00 
34-04 
34-05 

1 

26-85 
25-81 
25-81 
25-84 
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A  careful  consideration  of  the  above  tables  will  show 
that :  — 

(1)  In  the  majority  of  cases  the  water  at  any  given 
spot  has  practically  the  same  salinity  from  top  to  bottom. 
There  are,  however,  some  well-marked  exceptions  to  this, 
the  stations  affected  being  in  the  shallower  water  north  of 
the  54  parallel  of  latitude.  In  these  exceptional  cases 
there  is  a  more  or  less  rapid  increase  in  salinity  with 
depth.  The  probable  explanation  of  this  will  be 
discussed  presently. 

(2)  There  is  a  small  but  unmistakeable  seasonal 
variation  in  the  salinities. 

To  bring  out  this  second  point  more  clearly  the 
salinities  at  the  chief  stations  for  the  various  months  have 
been  collected  in  the  following  table.  In  most  cases  the 
salinities  have  been  given  to  the  first  place  of  decimals, 
and  in  the  case  of  those  stations  in  which  the  water  at  the 
surface  differed  markedly  in  salinity  from  that  at  the 
bottom  both  top  and  bottom  salinities  have  been  given. 

For  the  present  purpose  those  positions  which  are 
bracketed  may  be  considered  as  one  station. 

In  so  far  as  one  is  justified  in  drawing  conclusions 
from  only  a  year  and  a-half's  work,  it  would 
appear  that  at  the  first  four  stations  the  salinity 
is  at  a  minimum  somewhere  about  February.  The 
maximum  salinity  is  not  so  well  marked  but  seems  to  occur 
between  July  and  Xovember. 

In  the  case  of  stations  5  and  6  exactly  the  reverse 
holds,  the  maximum  salinity  occurring  in  February  and 
the  minimum  in  November.  Station  7  which,  like  5  and  6, 
is  on  the  line  Holyhead — Cali  of  Man,  resembles  stations 
1-4  from  the  fact  that  the  minimum  salinity  occurs  about 
February. 

This   difference  in  the  time  of  minimum   salinity  is 


75 


Position 


;  3**  30'  W. 

N.  ;  3°  3r  W. 
N.  ;  3°  22'  W. 

;  3°  47'  W. 


N.  ;3°47'W.      2 
N. ;  3°  36'  W.    ) 


July 
1906 


;  4°  4'  W. 
N. ;  4°  4'  W. 

'  N. :  3°  50'  W. 


^3 


32-8 


<32-8 
i  33-2 


132-8 
'33-4 


;  4°  20'  W.         )     , 
N. ;  4°  20'  W.      ^ 

'N. 

'N. 
'N. 


4°  2'  W. 


4°  46'  W. 


I 


(33-3 
(33-5 


4°  47'  W.  I  ^  i   34-2 


'N. 

;  4°  44'  VV.  ■ 

'N. 

;  4°  45'  W.  1 

'N. 

;  4°  41'  W.  i 

'N. 

;  4°  43'  W.  1 

N.; 

4"  44'  W. 

'N. 

;  4°  45'  W. 

'N. 

;  4°  43'  W. 

6 


Sept. 
1906 


330 


Nov. 
1906 


Feb. 
1907 


May 
1907 


July 
1907 

131-87 
1 32-75 


Nov. 
1907 

(?3-l 
1 33-3 


—      ,  32-3 
33-4     !     — 


32-56 
32-86 


133-73     (33-64 
133-80    (33-66 


(33-2 
1 33-5 


(33-3 
1 33-4 


!   32-92  i 


<  33-42 
i  33-55 


33-6         _  —  _  — 


34-05  I  33-9 


—      ;  33-2        33-7         —  — 


330 


33-46 


—  —         34 1     j  33-9 

335        34-3         —  — 


330         _      .    —  —  — 


340 


—      :  34-4 
33-9         — 


134-3 
;  134-4 


34-1        34-0 


34-15 


34- 1 


34-1 


—  1  34-3  34-3  34-1  ,  3395 
34-0  —           —  —          — 

—  33-8  33-95  34-0  |  33-7 
34-1        340  —           —  —          — 


_  _      ,     _  34-2     I  34- 1 


34-6 


_  _         3404      3405  '   34-3 


—  —  —  —         33-98  !  33-9 


340 
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probably  due  to  the  way  in  which  the  mixing  of  the 
fresher  and  salter  water  is  brought  about  by  the  tides, 
which  cause  the  salter  water  at  stations  5  and  6  to  be 
gradually  diluted  by  the  less  salt  water  from  further 
north.  This  will  obviously  result  in  the  minimum 
salinity  at  stations  5  and  6  roughly  corresponding  with 
maximum  salinity  at  the  more  northerly  stations.  The 
different  behaviour  at  station  7  is  no  doubt  due  to  the  fact 
that  at  that  point  the  tide  running  north  is  much  stronger 
than  that  running  south,  so  that  there  is  a  continuous 
slight  stream  from  the  south. 

These  last  considerations  make  it  clear  that  in 
considering  the  seasonal  variation  of  salinity,  the  effect 
of  the  tides  must  be  borne  in  mind. 

As  already  mentioned,  the  portion  of  the  Irish  Sea 
with  which  the  present  investigations  deal  is  noted  for  its 
strong  tides,  so  it  seemed  likely  that  the  salinity  at  any 
given  spot  would  depend  to  a  slight  extent  on  the  state  of 
the  tide :  as  this  changed,  so  the  water  originally  present 
would  be  replaced  by  other  water  which  might  well  differ 
in  salinity.  It  was  important  to  see  whether  any 
differences  so  caused  were  appreciable  and  likely  to  mask 
any  seasonal  change  in  the  salinity.  Samples  were 
accordingly  collected  from  one  of  the  stations  every  two 
hours  throughout  a  tidal  cycle.  The  station  chosen  was 
that  at  54°  2'  N. ;  3°  47'  W.,  as  being  one  at  which  any 
such  effect  would  probably  be  well  marked  owing  to  the 
proximity  of  the  large  body  of  water  of  low  salinity  in 
Morecambe  Bay. 

The  results  obtained  are  given  in  the  following  table  : 
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July  2,  1907.     54°  2'  N. ;  3°  47'  W.     (Sea  smooth  and 
weather  fine  all  day.) 


Depth 

■ 

CI  °/oo 

S^/oo 

0-, 

0 

11-6 

18-57 

33-55 

25-56 

\  6.30  a.m. ;  2  h. 

9-2 

11-4 

18-56 

33-53 

25-56 

.   20  min.  after 

44-7 

11-4 

18-62 

33-64 

25-67 

'  HighWater.l 

(bottom) 
0 

120 

18-60 

33-60 

25-53 

8.30  a.m. ;  4  h. 

9-2 

11-5 

18-57 

33-55 

25-58 

20  min.  after 

40-3 

11-4 

18-63 

33-66 

25-68 

"  ffigh  Water. 

(bottom) 
0 

12-1 

18-57 

33-55 

25-47 

10.30  a.m. ; 

9-2 

11-45 

18-63 

33-66 

25-66 

Low  Water. 

40-3 

11-3 

18-64 

33-68 

25-71 

(bottom) 
0 

1205 

18-46 

33-35 

25-34 

) 
12.30  p.m. ;  4 

hrs.  before 

9-2 

11-4 

18-62 

33-64 

25-66 

40-3 

11-2 

18-65 

33-69 

25-74 

High  Water. 

(bottom) 
0 

12-4 

18-58 

33-57 

25-42 

i2.30  p.m.;    2 

9-2 

11-55 

18-58 

33-57 

26-50 

1 

'   nrs.      before 

40-3 

11-2 

18-67 

33-73 

25-77 

'  High  Water. 

(bottom) 
0 

12-1 

18-59 

33-68 

25-50 

)4.30  p.m.  ; 

9-2 

11-6 

18-61 

33-62 

25-62 

1  ffigh  Water. 

40-3 

11-2 

18-66 

33-71 

25-76 

1 

(bottom) 

J 

It  is  clear  from  the  above  that  at  any  rate  at  some 
stations  a  variation  in  salinity  due  to  the  tide  alone  does 
occur.  The  variation,  as  was  to  be  expected,  is  greatest 
for  the  surface  water  and  least  for  the  ground  water:  — 
The  maximum  variation  at  the  surface  in  the  above 
experiment  was  0-23 ;  at  9-2  metres  it  was  0*13  and  at  the 
bottom  only  0-09. 

Now  the  maximum  change  of  salinity  for  the  same 
station  between  February  and  November,  1907,  was  0*81 
for  the  surface  and  0*88  for  the  bottom  water.  There  can 
be  no  doubt,  therefore,  that  a  small  seasonal  change  in 
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the  salinities  occurs,  as  had  already  been  concluded  from 
the  results  summarised  in  the  last  table  but  one. 

The  change  due  to  the  tide  will  certainly,  in  most 
cases,  be  much  smaller  than  that  found  above.  On  the 
line  Holvhead — Calf  of  Man  it  will  probably  be 
undetectable,  and  on  the  line  Piel  Gas  Buov — Calf  of 
Man  will  probably  be  greater  the  nearer  the  point 
considered  is  to  the  English  coast. 

Nothing  has  as  yet  been  said  of  the  temperatures  of 
the  water  samples.  These,  of  course,  are  higher  in  the 
summer  than  in  the  winter.  The  surface  water  is  in 
many  cases  somewhat  warmer  than  the  underlying,  but  in 
other  cases  it  is  the  same.  From  9*2  metres  downwards 
the  temperature  is  fairly  constant.  In  the  case  of  one  or 
two  of  the  deeper  stations  there  is  sometimes  a  notable 
diminution  in  the  temperature  with  depth,  and  in  the 
case  of  some  of  the  shallower  stations  the  temperatures 
are  rather  irregular.  In  the  shallower  water  this  is 
probably  connected  with  tidal  currents. 

A  few  words  may  finally  be  said  about  the  position  of 
certain  isohaline  lines  in  this  area.  That  for  salinity  34 
probably  starts  at  Burrow  Head,  Wigtownshire,  runs  acrosb 
to  a  point  a  little  west  of  the  Point  of  Ayre,  starts  again 
at  the  Calf  of  Man  and  runs  across  to  Holyhead.  It  then 
crosses  Carnarvon  Bay,  making  a  slight  curve  inwards, 
and  tlien  goes  in  almost  a  straight  line  across  ( 'ardigan 
Bay,  ending  near  Cardigan.  This  may  be  regarded  as  a 
sort  of  mean  position  about  which  it  will  vary  with  the 
season,  so  that,  for  instance,  the  portion  between  the  Calf 
of  Man  and  Holyhead  will  sometimes  (about  May)  make 
a  considerable  bend  to  the  east.  The  salinity  of  all  the 
water  to  the  east  of  this  line  will  be  below  34.  The  33 
isohaline    is    clearlv    muoh    more    affected    bv    seasonal 
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changes,   but  the  details  available  are  not  sufficient  to 
justify  speculations  as  to  its  course. 

The  seasonal  variations  of  salinity  found  in  the  area 
with  which  this  paper  deals  are  probably  entirely  due  to 
variations  in  rainfall  and  in  the  amount  of  fresh  water 
flowing  into  the  sea  from  the  land. 

Chemical  Department, 

University  of  Liverpool. 
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AN     EXAMINATION     OF    THE    OBSERVATIONS 

MADE  ON  THE  BLACKPOOL  CLOSED  GEOUND 

DURING  THE  PERIOD  1892  TO   1906. 

(Plate  IV.) 

By  H.  J.  Buchanan  Wollaston. 

The  statistics  for  the  Closed  Ground  off  Blackpool 
deal  with  327  hauls  made  with  shrimp- trawl,  shank-net, 
and  fish-trawl.  Table  I.  is  an  analysis  of  the  hauls.  In 
three  years,  1899,  1901,  and  1902,  no  hauls  were  taken  with 
the  shank-net.  As  our  aim  is  to  form  some  idea  of  the 
variation  in  the  number  of  young  fish  from  month  to 
month,  or  year  to  year,  it  is  obviously  of  little  value  to 
consider  the  catches  of  the  fish  trawls,  which  have  large 
meshes  and  are  constructed  to  avoid  as  much  as  possible 
the  capture  of  young  fish.  We  have  to  resort  then  to 
hauls  taken  with  the  shrimp-trawl  and  shank-net  for 
results. 

The  numbers  of  hauls  were  found  to  be  quite 
insufficient  to  give  useful  results  if  taken  monthly.  They 
have,  therefore,  been  taken  in  seasons  of  three  months 
each,  viz.,  January  to  March,  April  to  June,  July  to 
September,  and  October  to  December,  as  will  be  seen  on 
reference  to  Table  I. 

The  relation  between  the  shrimp-net  and  shank-net 
in  catching  power  is  shown  in  Table  II.  The  results  were 
obtained  by  averaging  groups  of  hauls  taken  with  the 
two  kinds  of  net  as  far  as  possible  on  the  same  day  and 
under  similar  conditions.  The  averages  of  the  values  thus 
obtained  were  then  reduced  to  hourly  catch,  thus  giving 
a  fairly  reliable  picture  of  the  relation  between  the  nets  in 
taking-power.  The  shank-net  thus  appears  to  be  far 
superior  to  the  shrimp-trawl  in  avoiding  the  capture  of 


Showing   Number   of   Hauls    taken  on   Blackpool   CloBfid 

Ground  with   Shrimp  Trawl,  Shank   Net,  and  Fish 

Trawl  during  the  years  1892  to  1906  inclusive. 


Nel 

Bhrlinc 

Tnwt 

ShHik  Ne 

FllOi  Tr." 

T=- 

tteA'"d 

-'" 

5? 

Vat. 

Mm 

Apr. 

July 

Ool. 

Ju. 

Apr, 

Julj- 

Sept 

Oct. 

Jul. 

Apr. 

Jnlj 

Dec. 

Jan. 
Msr 

j£ 

July 

Ool. 

All 

S: 

1892 

0 

2 

2 

0 

3 

0 

4 

0 

0 

0        0 

S 

0 

15 

■803 

0 

0 

U 

(> 

5 

2 

3 

0 

ti 

0 

6 

£ 

0 

26 

ISM 

3 

3 
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G 

4 

(1 

1 

0 

« 

u 

*• 

B 

■7 

19 

3 

37 

1895 

4 

8 

3 

0 

2 

1 

0 

0 

4 

3 

4 

14 

fl 

31 

1896 

1 

1 

0 

4 

i 

4 

6 

1 

1 

'      ' 

4 

S 

26 

Quint. 

toUl«        a      U 

.2 

13 

14 

Ifl 

13 

14 

, 

J5 

19 

& 

2i 

3fi 

44 

32 

134 

1897 

1 

I 

3 

e 

4 

S 

e 
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0 

G 
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6 

12 

3) 

189M 

I 

0 

i 

S 

0 

4 

0 

0 

1 

0 

1 

1 

12 

1899 

u 
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0 

0 

0 

0 

V 
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1 

0 

1 

0 

5 

1900 

3 

0 

0 

4 

« 

4 

0 

0 

0 

0 

6 

0 

17 

1001 

3 

3 

' 

1) 

Q 

0 

6 

0 

0 

0 

3 

1 

10 

SLt 

7 

i 

5 

12 

10 

10 

e 

0 

2 

3 

19 

18 

26 

14 

76 

ID02 

10 

fl 

3 

0 

0 

0 

0 

0 

2 

1 

10 

e 

4 

23 

1903 

5 

2 

1 

18 

8 

S 

2 

0 

0 

2 

2 

15 

10 

1 

37 

leoi 
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U 

0 

6 

A 

0 

0 

0 

3 

3 

0 

« 

11 

0 

21 

1905 

3 

2 

3 

3 

3 

0 

0 

0 

2 

g 

3 

S 

7 

11 

6 

29 

1906 

0 

0 

0 

0 

0 

1 

0 

0 

2 

4 

0 

0 

2 

0 

8 

Qoint. 
totab 

,, 

13 

' 

7 

18 

14 

3 

4 

0 

li 

18 

« 

36 

3S 

30 

17 

116 
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Table  II. 


Net  used 


'  Average  number 
I   of  Shrimps  per 
hour 


,  Average  number 
Average  number  i  of  Young  Fishes 


Shrimp  Trawl . . .  |     5^^  Quarts 


Shank  Net 


6* 


of  Undersized 
Fishes  per  hour 


(5,1751 
l,642ff 


taken  with  each 
quart  of  Shrimps 


1,155 


239$ 


young  fish,  and  this  with  no  loss  or  even  a  small  gain  in 
capture  of  shrimps.  The  shank-net  hauls  were  made 
partly  with  the  ordinary  form,  and  partly  with  the  patent 
Bar-net.     Table    III.    shows    the    relation    between    the 


Kind  of  net  used 


Ordinary  Shank 

ft- 

Bar  Shank  


Table  III. 


Average  number  ;  Average  number 
of  Undersized       of  Shrimps  per 
Fishes  per  hour  ,  hour 


558 


508-5 


21 


2-2 


Average  nunibor 
of  Undersized 
Fishes  taken 

with  each  quart 
of  Shrimp> 


2(J8-3 
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catching-powers  of  these  two  nets,  the  values  being 
obtained  in  a  similar  way  to  those  for  shrinip-trawl  and 
shank-net.  It  will  be  seen  that  the  bar-net  is  sliyfhtlv  ihv 
superior  both  in  avoidance  of  yt)Uiig  fish  and  in  capture  of 
shrimps.  Tables  IV.  and  V.  give  the  average  catches  per 
hour  with  one  shank-net  and  one  shrimp-trawl 
respectively,  of  plaice,  dabs  and  shrimps  on  the  Bhickpool 
-Olt)sed   (TTtnind  for  the  four   seasons.      The    figures   were 
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Table  IV. 

Showing   Average   Catch   per   hour  of  Shrimps   and 
Undersized  Fishes  with  Shank  Net. 


SeAson 

Janui 

iry  to  March 

April  to  Jane 

July  to  September 

October  to  December 

Year 

Rhrimpsl 
Pt*. 

Plaice 
No. 

Dabs 
No. 

Shrimps 
Pte. 

Plaice 
No. 

Dabs 
No. 

Shrimps 
Pts. 

i 

18 
i 

Plaice     Dabs 
No.     !     No. 

Shrimps 
Pts. 

Plaice 
No. 

Dabs 
No. 

1892 
1893 
1894 
1895 
189(5 

0 

15i 
161 

14J 

0 
236 
631 

392 

0 

770 

1227 

1625 

3  i 

2ii 

112 
31 
80 
37 
71 

78 
86 
155 
54 
23 

i 

223 

96 

72 
114 

207 

119 

33 

449 

22i 
171 

llj 

956 
2293 

39 

2970 
864 

350 

Quint, 
totals. 

loA 

It 
12 

m 
i 

«l 

420 

1207 

31 

m 

79 

() 
6 

^ 

i 

151 

202 

17 

1096 

1395 

1897 
1898 
1899 
1900 
1901 

70 
51 

9 
43 

130 
752 

1476 

786 

31 

6 

137 

19 

t 

82 
173 

26 
11 

6 

32 

8 

10 

2 

12 

72 

Quint. 
toUls 

5 

78 

127 

3i 

14 

17 
33 

2 

12 

72 

1902 
1903 
1904 
1905 
1906 

101 

8 

If 

18 

4 

64 

29 

729 
3634 

707 

5 
1 

i 

20 

9 

70 

1 

1 

529 
85 
32 

6} 
6i 

3 

211 

2 

889 

Quint, 
totals 

«i 

1890 

21 

33 

182 

3 

33 

21J 

2 

889 

84 


Table  V. 


Showing  Average   Catch   per  hour  of   Shrimps   and 
Undersized  Fishes  with  Shrimp  Trawl. 


SeMon 

January  to  March 

April  to  Jane 

July  to  September 

October  to  Decembei 

Year 

Shrimp^ 
PU. 

Flaice 
No 

Dabs 
No. 

Sh'impf 
Pts. 

2 

i 

i 
5 

2 

0 

1 

Plaice 
No. 

310 

712 
273 
543 

Dabi 
No. 

Shrimps 
PU. 

Plaice 
No 

Dabs 
No. 

8»rinipf 
Pta. 

11 
26 
131 
12J 

Plaice 
No. 

Dab 
No 

1892 
1893 
1894 
1895 
1896 

36 

3036 

751 

2756 

2864 

2129 

16200 

6731 

210 

456 
313 
121 

71 
6 

i 

490 
2916 

1106 
1504 

126 
3966 

254 

1 

2182 

617 

2165 

241 

786 

1078 

885 

Quint, 
totals 

20 

2183 

459 

275 

5 

1 

1449 

;     m 

1241 

57 

508 

130 
232 

747 

1897 
1898 
1899 
1900 
1901 

21 
0 

15 

326 
606 

100 
286 

4572 
399 

3509 
7399 

209 

214 
212 

102  ' 

15 

517           0 

309           5i 

1 

389 
74 

135 

1872 
366 

340 

i        14 

1 

1 

1 

163 

'  162 

■ 

1028 

Quint, 
totals 

H 

51 

18 

1 

329 

4722 

J 

423 

99 
42 
16 
74 
196 

1 
859  '        5} 

451 

1902 
1903 
1904 
1905 
1906 

332 
209 

125 

5305 
14121 

6152 

21 
2 

9i 

t 

0 

H 

244 
34 
40 
59 

2159 
745 
857 
391 

1038 

1 

1 

t 

3 

6 

4 

0 

1301            \i 
929         32 

608  t     — 
499            6* 
2000 

174 
20 

7 

— 

186 
1805 

125 

Quint 
toftalB 

-     lOi 

222 

8626 

94 

5 

85' 

1067 

13J 

67 

705 

85 

obtained  by  averaging  all  the  hauls  taken  in  the  season 
in  question  and  reducing  to  average  catch  per  hour.  As 
the  figures  are  too  irregular  for  it  to  be  possible  to  form 
any  idea  of  variation  directly  from  the  tables,  curves  were 
drawn  through  points  representing  the  values  to  be 
examinfM:!.  Fig.  4  is  a  curve  drawn  through  points 
corresponding  to  the  average  catch  per  hour  with  shank- 
net  of  dabs  in  the  four  seasons.  To  eliminate  the  small 
yearly  difference  in  this  variation,  the  whole  period  of 
fifteen  years  was  considered.  Fig.  3  is  the  curve  of  the 
same  values  for  the  shrimp-trawl.  These  show  that  the 
maximum  catches  of  dabs  are  made  in  the  winter,  from 
November  to  February,  and  the  minimum  catches  in  the 
summer,  from  May  to  July.  The  very  low  position  of  the 
curves  in  June  and  July  should  not  be  taken  as  repre- 
senting the  actual  values,  but  as  indicating  the  probability 
that  if  an  average  were  obtainable  for  the  catches  taken 
at  this  time,  it  would  be  lower  than  the  averages  for 
catches  either  before  or  after  it.  Figs.  1  and  2  are 
the  curves  for  yearly  variation  in  number  of  plaice  caught 
per  hour  on  the  ground  with  shrimp-trawl  and  shank-net 
respectively,  each  curve  representing  the  same  season 
throughout  the  fifteen  years  considered.  The  curves  have 
not  been  drawn  through  the  points  representing  the  actual 
values,  but  have  been  smoothed  in  the  same  way  as  were 
the  monthly  averages  for  the  Mersey  Banks  (see  page  87), 
so  that  irregular  variations  are  disregarded  and  the 
general  tendency  of  the  figures  shown.  Both  sets  of  curves 
show  a  marked  decrease  in  the  number  of  plaice  taken  per 
hour  on  the  Closed  Ground  since  1892.  This  decrease  is 
least  visible  in  the  curve  for  April  to  June.  Other  curves 
have  been  drawn,  but  are  not  included,  as  they  show  little 
sign  of  any  regular  variation.  Thus,  the  curves  for  hourly 
catch  of  shrimps  are  so  irregular  that  no  deductions  could 
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possibly  be  drawn.  The  curves  of  yearly  variation  in 
hourly  catch  of  dabs  show  that  the  fluctuations  in  numbers 
caught  are  mainly  confined  to  the  winter  seasons,  October 
to  March,  being  then  about  four  times  as  great  as  in  the 
summer. 
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AN     EXAMINATION     OF    THE     EXPERIMENTAL 

HAULS  MADE  IN  THE  MERSEY  ESTUARY 

DURING  THE  PERIOD  1892  TO  1906 

INCLUSIVE. 

(Plate  V.) 
By  H.  J.  BucHAXAx  Wollaston. 

The  present  paper  deals  with  the  records  of  the 
experimental  hauls  made  on  the  Mersey  Banks  and  in  the 
adjoining  Channels,  by  the  L.  and  W.S.F.  steamer  **  John 
Fell,"  and  the  New  Brighton  police  cutter.  The  material 
consists  of  several  hundred  sheets,  dealing  with  nearly  800 
hauls — there  being  260  hauls  made  with  shrimp-trawl  nets, 
70  with  fish-trawls  of  various  forms,  and  13  with  shank- 
nets,  all  on  the  banks ;  also  281  with  fish-trawls,  163  wnth 
shrimp-trawls,  and  3  with  shank-nets,  all  taken  in  the 
channels  between  the  banks.  It  was  evident  on  examina- 
tion of  the  records  that  the  number  of  hauls  made  with 
fish-trawls  on  the  banks,  and  with  shank-nets  both  on  the 
banks  and  in  the  channels  were  quite  insufficient  to  afford 
reliable  conclusions.  The  shrimp-trawl-net  hauls,  both  in 
the  channels  and  on  the  banks,  and  the  six  inch  fish-trawl- 
net  hauls  in  the  channels,  are,  however,  sufficiently 
numerous  to  warrant  statistical  treatment,  and  the  results 
have  some  interest,  especially  with  regard  to  the  variations 
from  month  to  month  in  the  numbers  of  plaice  and  soles 
on  the  banks.  The  method  adopted  was  as  follows :  Every 
haul  was  separately  reduced  to  an  hourly  catch,  that  is, 
to  take  a  simple  case,  if  the  haul  was  of  two  hours'  duration 
the  result  was  divided  bv  2.  From  all  the  hauls  in  each 
month  so  reduced,  an  average  haul  was  calculated,  giving 
the  numbers  of  plaice  and  soles  caught  per  hour's  fishing. 
The  observations  were,  however,  made  rather  irregularly, 
and  so  in  order  to  get  a  more  reliable  average  catch  per 
hour  for  each   month,   the  whole  period  of  fifteen  years 
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(1892-1906)  was  considered,  tliat  is,  for  instance,  all  the 
average  hourly  hauls  for  January  were  added  together, 
and  a  new  average,  giving  the  number  of  fish  caught  per 
hour's  fishing  for  the  month  of  January  (1892-1906),  was 
thus  obtained.  Similarly,  to  find  the  yearly  variation, 
which  was  only  possible  in  the  case  of  the  summer  months, 
owing  to  lack  of  data  for  the  winter,  an  average  hourly 
catch  for  the  six-monthly  period.  May  to  October,  was 
obtained  in  each  year,  and  the  variation  of  this  average 
from  year  to  year  was  studied.  Curves  were  drawn 
through  points  corresponding  to  these  averages,  and  since 
it  was  found  that  these  points  were  too  irregularly  dis- 
tributed to  give  reliable  results,  they  were  modified  in  the 
following  manner: — The  values  representing  the  average 
catches  were  arranged  in  chronological  order,  and  the  first 
and  last  were  taken  as  correct.  For  each  of  the  other 
monthly  averages  a  new  value  was  substituted,  obtained  as 
follows: — The  average  catches  for  the  month  in  question 
and  that  immediately  preceding  and  succeeding  it  were 
added  together  and  the  sum  divided  by  three.  This  is  the 
well-known  statistical  device  of  **  taking  three-monthly 
averages  monthly."  In  some  cases  the  figures  thus 
obtained  had  to  be  again  treated  in  the  same  way  before 
it  was  found  possible  to  draw  a  really  smooth  curve 
through  the  points,  showing  distinct  maxima  and  minima. 
The  following  figures,  those  for  average  catches  of  plaice 
with  the  shrimp-trawl  net,  will  serve  to  show  the  method. 

Original  Figures.  First  Smoothing. 

Jan 72  ...  (taken  as  correct)  ...    72 

Feb 93  ...  '^^--±J^_-L  1^2   _   ^^g 

Mar 182  ...  ^3  +  ^f  +  9^   =   123 

April 94  ...  18^  +  9^  +  ^^^  ^   144 

o 

May  155 &c. 

&c. 
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This  method  may  appear  somewhat  artificial,  but  is 
not  so  in  reality  to  any  great  extent,  as  it  merely  means 
that  the  values  of  the  numbers  for  the  months 
immediately  before  and  after  each  given  month  are 
allowed  an  influence  in  determining  the  new  values  for 
that  month. 

Now  if  we  proceed  to  construct  curves  showing  the 
variation  in  the  average  hourly  catches  of  plaice  and 
soles  made  per  month  on  the  banks,  we  notice  a  distinct 
similarity  in  the  shapes  of  these  curves,  i.e.,  where  there 
is  an  increase  in  the  number  of  plaice,  there  is  also  an 
increase  in  the  number  of  soles,  and  vice  versa.  We  do 
not,  however,  know  whether  the  rate  of  increase  is  the 
same  in  the  two  cases,  that  is,  for  instance,  whether  a 
10  per  cent,  increase  in  plaice  would  correspond  with 
a  10  per  cent,  increase  in  soles.  Now,  in  order,  to  find 
whether  this  rate  of  increase  is  the  same  or  different,  we 
may  take,  instead  of 'the  actual  numbers  of  plaice  and 
soles  caught,  the  logarithms  of  those  numbers,  and  the 
curves  constructed  from  the  latter  values  show  the  relation 
between  the  rates  of  increase  and  decrease,  that  is  to  say, 
if  the  two  curves  have  the  same  shape  and  height  the 
rate  of  increase  is  the  same  in  the  two  cases.  This  has 
been  done  (figs.  1,  2)  for  the  monthly  variation  of 
plaice  and  soles  on  the  Mersey  banks,  and  also  for  the 
monthly  variation  of  average  hourly  catch  of  soles  with 
shrimp-trawl  and  six  inch  mesh  fish-trawl. 

We  are  now  in  a  position  to  attempt  to  draw  con- 
clusions from  the  results  obtained  by  the  above  methods. 
The  data  are  not  sufficient  to  warrant  any  conclusion 
regarding  yearly  variation  except  in  the  case  of  numbers 
of  plaice  and  soles  caught  by  the  shrimp-trawl  net  on  the 
banks  in  the  summer  months.  The  curves  plotted  from 
these  values  seem  to  indicate  a  complementary  relation- 
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ship,  plaice  increasing  as  soles  decrease,  and  vice  versa 
(see  fig.  4). 

In  the  monthly  variation  there  is,  on  the  other  hand, 
direct  correspondence  hetween  the  hourly  cntrhos  of  plaice 
and  soles  on  the  banks  with  the  shrimp-trawl  (see  figs. 5,  (Jj, 
plaice  increasing  as  soles  increase,  and  at  approximately 
the  same  rate  (see  fig.  1),  though  the  ])eri()d  of  greatest 
abundance  is  slightly  earlier  in  the  case  of  soles  than  in 
that  of  plaice,  the  maximum  for  soles  being  in  August, 
while  that  for  plaice  is  in  September.  Regarding  plaice 
taken  in  the  channels  no  very  reliable  conclusion  can  be 
drawn,  the  data  being  too  scanty,  but  the  greatest  catches 
seem  to  have  been  made  at  the  same  time  as  on  the  banks 
(see  fig.  '^).  In  the  case  of  soles  taken  in  the  channels, 
the  curves  of  average  catches  with  shrimp-trawl,  and  six 
inch  fish-trawl  show  distinct  relation  to  each  other,  both 
as  to  the  position  of  the  maximum  catches  and  in  rate  of 
increase  (see  fig.  2),  that  is  to  say,  if  large  solos  increase, 
small  soles  increase  in  approximately  the  same  propor- 
tion. The  maximum  is  somewhat  earlier  for  soles  in  the 
channels  than  on  the  banks. 

In  dealing  in  the  future  with  separate  yearly  returub, 
the  curves  given  here  for  monthly  variation  might  be 
regarded  as  the  standard  forms,  and  the  curve  of  monthly 
variation  for  any  single  year,  if  it  differs  widely  from 
these  standards,  might  be  looked  upon  as  rather 
exceptional.  Of  course  these  curves  may  differ  con- 
siderablv  in  different  localities. 

The  tables  of  monthly  averages,  and  the  curves  of 
monthly  and  yearly  variation  mentioned  above  are 
appended : — 


AvBRAOE  Catch  per  Hour  of  Plaice  and  Soles  on  the 
Mersey  Banks  with  Sbrihp-Trawl. 


1 

1 

1 

1 

1 

1 

1 

1 

^ 

1 

; 

90 
44 

153 
21 

537 
A 

0 

1893 

46 
0 

129 

S 

116 

494 

12 

707 
34 

Z40fi. 
31 

373 
3 

195 

1 

81 

0 

Plaice 

211 

1 

134 

5 

295 

«0 

178 

15 

BBl 

31 

402 
38 

170 
20 

G7I 
10 

'1 

1805 

0 

25 
0 

57 

1 

56 

la 

°S 

ma 

24 

456 
29 

2315 
S 

813 
0 

18S 
0 

62 

0 

Plaics 

Solea 

5it4 

4 

27B 
0 

317 
3 

3tt8 
10 

914 
23 

206 
1 

120 
42 

94 
3i 

102 

111 
190 

130 
339 

92 
119 

86 

166 

22 

30 
43 

167 
127 

95 
105 

ID 
38 

9 

20 

Bl 

46 

35 
13 

133 
BO 

72 
4 

8 
8 

I 
3 

23 

100 

26 

45 
23 

661 
63 

388 
12 

42S 
2 

. 

1 
0 

16 

? 

teg 

4 

Si 

44 

0 

PUice 

1905 

2807 
0 

20 
3 

7 
0 

28 
7 

21 
38 

118 
6 

170 

1? 

122 
3 

24 

168 

40 
26 

34 
8 

Plaice 
Solea 

£1 

85 

*6 

163 

115 

103 
111 

£3 
Q63 

£5 
37 

22 
>48 

S 
3fi 

AvERAOi:  Catch  pek  Hour  or  Plaice  and  Soles  m  tbb 

MeR8KT   CaANNKLB   WITH    BhRIMP-TrAWL. 


1 

1 

1 

1 

1 

1 

1 

i 

■ 

1 

i 

1 

65 

4 

13 
10 

30] 
36 

881 

383 

107 
0 

1893 

lis 
2 

U7 

201 
5 

24S 
10 

288 

4fl 
14 

594 

27 

2U3 

4 

304 
0 

*4(J 
0 

Plaice 

SolPS 

420 
0 

3S. 



246 
19 

433 
31 

315 
47 

122 

e 

201 
0 

Plaice 

SO 
0 

31 
0 

46 

6 

337 
44 

Iflfl 

35 
0 

S22 
0 

Soles 

1107 
0 

365 
0 

978 
13 

130 
57 

1897 

12a 

34 

12A 
116 





1278 
197 

343 
31 

til 

48 

Pkice 

IGGS 
90 

032 
276 

49 
125 

164 

133 

810 
148 

76 

190 

37 
S9 

4 

73 
31 

51 
24 

PUice 

1901 

6 
0 

23 

(J 

I 
11 

63 
5 

110 
0 

Plaice 

Sole» 

17 
150 



2 



50 
37 

277 

3 
112 

Soles 

iwe 

23 
71 

68 
119 

41 

266 
3 

599 
3 

Plsioe 

\vEiiAOE  Catch  per  Hour  of  Plaice  and  Soleb  ik  tbe  Mbbsby  Channel 
WITH  6iN.  Fish  Trawl. 


1 

1 

1 

1 

S 

1 

1 

J 

1 

1 

1 

1 

8 
0 

35 

188 

I 

33 

1 

83 
2 

►• 

30 

0 

13 
0 

160 
2 

463 

0 

73 
2 

161 
2 

6 

4 

1027 
0 

322 
0 

012 
0 

34 
2 

667 

3211 
0 

29 
3 

1 

1  ;  7 
8:  11 

32  :  283 
6:0 

Plaice 

22 
0 

0 

.». 

437 
S 

...| 

294 
0 

131  :  30 
13:  9 

41 
8 

143  :  165 
4:  9 

7 
0 

:::::: 

I 

36 

54:26 
16:3 

6 
44 

42:0 
»:  13 

55 

7 

100 

0 

3 

48 

ID 

2n 

33 

566:  2B8 
1  :  0 

66:  39 
0:0 



0 

1 

30 

0 

10 
16 

10 
4 

22:74 
5:  3 

80:  182 
0:  I 

1 

Note. — Wberi^  there  art  two  ni 
of  hkulo  nude  with  a  fish.traw]  ha' 
ordinftrj  6in.  mesh  trawl , 
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AN  INTENSIVE  STUDY  OF  THE  MARINE 
PLANKTON  AROUND  THE  SOUTH  END  OF 
THE  ISLE   OF   MAN. 

By  W.  a.  Herdman,  F.R.S.,  axd  Andrew  Scott,  A.L.S. 

INTRODUCTORY. 

The  objects  of  this  detailed  investigation  into  the 
Plankton  of  a  limited  marine  area  are  twofold:  — 

(1)  To  study  the  distributicm  of  the  Plankton 
as  a  whole  and  of  its  various  constituents  during  the 
year,  and 

(2)  To  attempt  to  arrive  at  some  estimate  of  the 
representative  value  of  such  samples  as  are  collected 
in  our  plankton  nets. 

Of  the  fundamental  importance  of  plankton  work  in 
regard  to  fishery  questions  of  a  wide  nature  there  can  be 
no  doubt,  and  of  the  absolute  necessity  of  the  determina- 
tion of  the  value  of  samples  and  of  arriving  at  some 
estimation  of  their  representative  nature  there  can  be 
still  less  difference  of  opinion. 

In  former  reports*  we  have  shown  that  our  results 
around  the  Isle  of  Man  and  in  other  parts  of  the 
Irish  Sea  show  great  diversity  in  the  plankton, 
both  quantitatively  and  qualitatively  when  considered 
according  to  locality  or  according  to  date  but  in  all 
these  former  reports  we  have  felt  that  fuller  information 
might  enable  us  to  reduce  the  apparent  chaos 
to  order,  and  might  reveal  some  method  or  definite 
sequence  in  a  distribution  which  seemed  indefinite  or 
irregular.  Consequently  we  have  endeavoured  during 
the  last  year  to  make  our  observations  as  frequent,  fulJ 

*  Twentieth  Annual  Report  of  the  Liverpool  Murine  Biology  Com- 
mittee, Dec.,  1906 ;  Presidential  Address  to  the  Linnean  Society  of  London. 
May,  1907  :  and  Twenty-first  Annual  Report  of  the  L.M.B.C*  Dec.,  1907. 
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and  detailed  as  possible,  and  the  result  is  that  we  have 
now  at  our  disposal  a  much  larger  number  of  samples 
than  has  ever  been  collected  before  in  such  a  limited 
period  from  the  Irish  Sea — possibly  a  greater  number  of 
samples  than  has  been  obtained  in  one  vear  from  anv 
other  part  of  the  British  coasts.  The  total  number  is 
<S85  obtained  from  our  northern  portion  of  the  Irish  Sea 
bounded  by  lines  drawn  between  Holyhead,  Liverpool, 
Barrow  and  Port  Erin,  in  the  year  1907 ;  and  of  these  the 
majority,  650,  are  from  a  very  limit-ed  area  in  the 
immediate  neighbourhood  of  Port  Erin. 

At  the  South  end  of  the  Isle  of  Man,  where  these 
gatherings  were  taken,  there  are  very  important  fishing 
grounds  which  are  frequented  by  trawlers  from  Lancashire 
and  from  Ireland,  as  well  as  by  the  Manx  fishermen.  This, 
as  well  as  the  circumstance  that  we  have  there,  within  a 
few  miles,  a  sheltered  sandy  bay,  an  exposed  rocky  coast,  a 
narrow  strait  and  an  area  of  open  sea  with  depths  reaching 
to  70-80  fathoms,  has  led  us  to  consider  Port  Erin  a  verv 
suitable  locality  for  a  more  exhaustive  or  intensive  studv 
of  the  Marine  Plankton  than  has  yet  been  attempted  on 
our  coast. 

Previous  Local  Work. 

The  Liverpool  Marine  Biology  Committee  started  a 
scheme  for  taking  weekly  plankton  gatherings  in  this 
district  of  the  Irish  Sea  as  long  ago  as  1888,  and  although 
as  the  result  of  weather,  changes  in  the  staif  and  other 
varying  conditions,  many  gaps  have  been  left  from  time 
to  time  in  the  series,  that  aim  has  been  constantlv  before 
us,  and  the  practice  has  been  kept  up  intermittently.  A 
good  deal  of  material  was  collected  from  the  neighbour- 
hood of  Puffin  Island,  and  from  Port  Erin  in  these  earlv 
years,  and  was  examined  and  reported   upon  by  the  late 
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Mr.  Isaac  C.  Thompson.  In  1897  a  more  definite  scheme 
was  organised  for  the  collection  of  plankton  weekly  from 
six  different  localities  off  the  coasts  of  Lancashire, 
Cheshire  and  the  Isle  of  Man ;  and  the  material  so 
gathered  was  examined,  and  reported  upon,  as  part  of  the 
Sea  Fisheries  work  of  the  district.  The  Annual  Reports 
of  the  Liverpool  Marine  Biology  Committee  and  the 
Lancashire  Sea  Fisheries  Laboratory  Reports  contain, 
from  time  to  time,  articles  on  the  plankton  of  the  Irish 
Sea  or  scattered  notices  of  occurrences.  Thus  Mr.  E.  T. 
Browne,  working  at  Port  Erin  from  April  to  June,  1893, 
noted  that  Ceratium  tripos,  C.  fusus  and  Peridinium 
diver  gens  were  nearly  always  present  in  his  gatherings ; 
that  there  was  "  a  great  decrease  of  Copepoda  when  the 
sea  is  full  of  Diatoms '' ;  and  that  Oikopleura  is 
abundant  with  ova  at  the  end  of  April,  and  that  the 
young  individuals  are  found  at  the  end  of  May.  Mr. 
H.  C.  Chadwick,  in  1894,  recorded  the  abundance  of  larval 
and  post-larval  worms  in  May,  in  an  article  on  **  Plankton 
Observations,''  in  the  Report  for  1897  (p.  17).  He  noted 
a  great  abundance  of  Diatoms  in  spring,  an  increase  of 
pelagic  Coelenterata  and  Copepoda  in  early  summer,  the 
appearance  of  fish-eggs  and  embryos  and  larval  fish  at 
Easter,  a  great  increase  in  Medusae  and  Ctenophora  in 
later  summer,  and  the  abundance  of  Dinoflagellates  in 
late  summer  and  autumn. 

A  summary  account  of  the  Port  Erin  plankton 
throughout  the  year  was  given  in  1899  (13th  Report, 
p.  29),  and  in  this  the  maximum  of  Diatoms  at  the  end 
of  March  is  noted,  also  a  maximum  of  larval  forms  in  the 
last  weeks  in  June,  of  Medusae  in  July,  and  of  Zoeas  and 
other  Decapod  larvae  towards  the  end  of  August. 
Oikopleura  attained  its  maximum  that  year  at  the  end  of 
September.       The     presence     of    the     three     species     of 
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Ceratium — C.  tripos,  C.  fusus  and  C.  furca — throughout 
the  year  is  also  noted. 

In  the  Sea  Fisheries  Laboratory  Report  for  1892  the 
great  profusion  of  Diatoms  in  the  spring,  and  their 
replacement  later  on  by  Copepoda,  was  drawn  attention 
to.  In  the  Reports  for  1904,  1905  and  1906  there  were 
special  articles  on  the  Plankton  of  the  Irish  Sea,  in  which 
the  spring  maximum  of  the  Diatoms  and  other  features 
of  the  distribution  throughout  the  year  were  noted.  In 
the  1905  Report,  365  gatherings  had  been  examined,  and 
in  the  following  year  (1906)  400  gatherings.  These 
numbers,  the  largest  up  to  that  date,  have,  however,  been 
more  than  doubled  on  the  present  occasion  (1907). 

In  these  previous  accounts  we  have  used  the  terms 

*'  numerous,"  **  abundant,"  &c.,  or  the  symbols  "r"  (rare), 

*'  c  "  (common),  *'  fr  "  (frequent),  &c.,  as  is  usually  done 

by  ofher  investigating  authorities;  but  this  year  we  have 

adopted  the  plan  of  counting  the  organisms  in  a  number 

of  samples  from  each  gathering,  and  of  estimating  from 

these   the   approximate   total   numbers   of  each   kind   of 

organism  present.     The  exact  method  employed  has  been 

as  follows :  — 

Method  of  Estimation. 

After  carefully  removing  pieces  of  sea- weed  and 
other  foreign  matters,  the  sample  is  thoroughly  shaken 
up  and  then  allowed  to  stand  and  settle  for  a  week.  In 
the  case  of  a  very  small  catch,  the  sample  is  first 
transferre<l  to  a  narrow  tube.  After  standing  for  a  week, 
a  mark  is  made  on  the  bottle,  indicating  the  exact  height 
occupied  by  the  organisms.  The  whole  sample  is  then 
washed  through  a  silk  sieve  of  36  meshes  to  the  inch,  into 
one  of  200  meshes  to  the  inch.  By  this  process  the 
Diatoms,  Dinoflagellates  and  allied  minuter  organisms, 
along  with  the  Copepod  Nauplii  and  young  Copepoda,  are 
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separated  from  the  larger  organisms  such  as  Sagitta, 
larval  Decapods,  and  adult  Copepoda,  except  perhaps 
Oithona.  The  two  portions  thus  obtained  are  carefully 
transferred  to  graduated  tubes,  so  that  they  can  be  each 
made  up  to  a  known  bulk  with  fresh  water.  The  larger 
organisms  are  examined  first.  If  the  bulk  of  the  catch 
which  is  left  on  the  coarse  silk  sieve  is  not  large,  then  a 
direct  enumeration  of  the  organisms  can  be  made  at  once 
by  turning  the  contents  of  the  tube  on  to  a  glass  plate 
with  a  dark  background  and  examining  the  animals  in  a 
good  light  with  a  strong  hand  magnifying  glass,  or  low 
power  of  the  microscope  if  necessary.  The  various  species 
are  recorded  as  the  sample  is  gone  over,  and  the  totals 
are  added  up  at  the  end  of  the  examination.  If  the 
sample  to  be  examined,  however,  be  too  large  for  a  direct 
and  complete  enumeration,  then  it  is  first  gone  over 
carefully  and  the  rarer  or  larger  organisms  are  counted 
and  removed.  The  remainder  are  then  returned  to 
the  graduated  tube  and  are  diluted  with  water  to  a 
workable  extent.  The  tube  is  then  thoroughly  shaken  up 
so  that  a  complete  mixture  or  dissemination  of  the 
organisms  through  the  fluid  is  effected .  A  graduated 
dipping  tube  about  ^^  of  an  inch  boro,  without  any 
contraction  at  the  end  and  capable  of  taking  up  |  of  a 
cubic  centimetre,  is  quickly  inserted  into  the  mixture, 
^  c.c.  is  taken  up  and  is  put  on  a  glass  slide.  In  this  waj^ 
at  least  five  similar  samples  are  withdrawn,  care  being 
taken  to  shake  up  the  mixture  afresh  previous  to  every 
fresh  dip.  The  samples  thus  obtained  are  then  worked 
over  under  the  microscope  and  all  the  species  are  identified 
and  enumerated.  The  average  of  these  countings  is 
taken,  and  this  is  multiplied  by  the  factor  representing 
the  amount  of  dilution — thus,  if  the  sample  is  made  up  to 
10  cubic  centimetres,  then  the  factor  will  be  50.  The 
same  method  is  employed  in  estimating  the  Diatoms  and 
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other  allied  organisms,  but  in  the  case  of  these  minuter 
forms  several  dilutions  may  be  required  before  all  the 
species  can  be  estimated.  The  scarce  forms  are  taken 
first,  and  after  one  or  two  further  dilutions  the  numbers 
of  the  more  abundant  species  are  arrived  at.  In  dealing 
with  samples  containing  Rhizosolenia  it  was  found 
necessary  to  dilute  the  collection  to  5,000  cubic  centi- 
metres  before  the  numbers  in  ^  c.c.  could  be  counted. 
The  examination  of  the  Diatoms,  &c,,  is  carried  out,  under 
the  microscope,  with  either  a  f  inch  English  objective  or 
a  No.  3  Leitz  objective  (higher  powers  being  used  when 
necessary  for  the  critical  examination  of  any  species), 
the  J  c.c.  sample  being  passed  very  slowly  backwards 
and  forwards  across  the  stage.  In  front  of  the  worker 
there  is  a  tray  containing  a  number  of  empty  glasses 
with  names  corresponding  to  the  species  that  are 
usually  found.  A  vessel  containing  small  shot  is 
placed  close  to  the  hand,  and  as  the  sample  is  passed 
under  the  objective  of  the  microscope,  each  organism  seen 
is  recorded  by  placing  one  of  the  shot  into  the  corre- 
sponding glass.  When  the  examination  is  completed  the 
shot  in  each  glass  is  counted  and  the  estimation  made. 
This  entire  operation  is  repeated  with  at  least  five  distinct 
dips  from  each  gathering.  This  method  of  estimation  was 
tested  both  against  several  dilutions  of  the  one  mixture, 
and  also  against  actual  countings  of  the  organisms 
present,  and  the  variation  in  all  cases  was  found  to  be  of 
practically  no  account.  The  bottle  which  originally 
contained  the  sample,  and  which  was  marked  to  show  the 
height  occupied  by  the  organisms,  is  now  placed  under  a 
graduated  burette  filled  with  water.  The  stopcock  is 
opened  and  the  water  allowed  to  run  into  the  bottle  up 
to  the  mark  exactly.  The  loss  from  the  burette  is  read  off 
and  this  represents  the  volume  of  the  catch  in  cubic 
centimetres. 


100 

DISCUSSION   OF  THE  OI3SP:RVAriONS. 

The  majority  of  the  hauls  discussed  below  were  taken 
from  the  S.Y.  **  Ladybird  "  during  the  two  critical  periods 
of  the  year,  spring  (April)  and  late  summer  (August  and 
September),  when  certain  constituents  in  the  plankton 
attain  their  maxima  of  development ;  while  the  other 
observations  were  taken  throughout  the  year  from  smaller 
boats  in  the  inshore  waters  of  Port  Erin  Bav. 

During  the  spring,  a  month  (March  28th  to  April 
27th)  was  devoted  to  this  work  from  the  '*  Ladybird,"  and 
in  the  23  working  days  during  that  period  we  took  in  all 
276  samples,  an  average  of  12  per  day. 

In  the  summer  and  autumn  (August  9th  to  September 
20th)  the  **  Ladybird  ''  was  again  engaged  on  this  work, 
and  during  this  period  300  gatherings  were  taken  in  the 
30  working  days,  an  average  of  10  per  day.  On  one 
expedition  (September  20th\  36  gatherings  were  taken  in 
an  afternoon,  in  a  small  area  of  only  about  two  miles 
extent,  as  follows :  — 

Locality  A  : — 6  miles  out,  W.N.W.  of  Bradda,  over  30  fms. 

1.  HenBen  and  Nansen  nets  let  down  to  30  fms.  and  hauled  up  10  fms.  (30-20). 

2.  ..  .,  ,.  20  fms 10  fms.  (20-10). 

3.  „  „  „  10  fms.      ..  ..         10  fms.  (10-0). 

4.  „  „  „  30  fms.       „  „      j  ^P^^^  I  (30-0) 

Weighted  open  net  (A)  and  two  surface  nets  (Al  and  A2)  along  with  shear  net 

(Sh.  1)  at  15-20  fms. 
Weighted  open  net  (B)  and  two  surface  nets  (Bl  and  B2)  along  with  shear  net 

(Sh.  2)  at  7-8  fms. 
(These  each  i-hour  hauls ;   the  one  set  taken  immediately  after  the  other). 
>lill  water  bottle  at  20  fms.,  strained  at  the  time. 
„  20  fms.,  strained  on  shore. 

Locality  B  : — 8  miles  out  W.N.W.  of  Bradda,  over  30  fms. 

1.  Hensen  and  Nansen  nets  let  down  to  30  fms.  and  hauled  up  10  fms.  (30-20). 

2.  „  ,.  „  20  fms 10  fms.  (20-10). 

3.  ..  .,  ,.  10  fms.      .,  „         10  fms.  (10-0). 

4.  Nansen  (alone)      „  „  30  fms.      „  .,     to  surface  (30-0). 
Weighted  open  net  (C)  and  2  surface  nets  (CI  and  C2)  along  with  shear  net 

(Bl)  at  7-8  fms. 
Weighted  open  net  (D)  and  2  surface  nets  (Dl  and  D2)  along  with  shear  net 

(B2)  at  15-20  fms. 
(These  each  J-hour  hauls ;   the  one  set  taken   immediately  after  the  other). 
Mill  water  !)ottle  at  20  fms..  at  iO  fms..  and  at  5  fms. 
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The  fixed  stations  at  which  observations  were  generally 
made  are  shown  in  the  adjoining  plan  (fig.  1),  where  I 
and  II  indicate  off-shore  stations,  respectively  five  and 
ten  miles  from  land :  and  III,  IV  and  V  show  the  along- 
shore stations,  one  to  the  north  towards  Niarbyl,  one  to 
the  south  near  the  Calf  Island,  and  one  in  the  "  southern 
sea  "  off  Spanish  Head — all,  except  II,  in  water  of  much 
the  same  depth,  about  20  fathoms.  The  region  covered 
measures  about  ten  miles  from  east  to  west  (out  to  sea)  and 
rather  less  from  north  to  south  (along  the  coast),  but  the 
area  investigated  was  really  very  much  less,  being 
confined  to  the  above-mentioned  stations  from  which 
plankton  samples  were  taken  and  the  in-shore  waters  of 
the  liay. 
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Fig.   1.— Plankton  Stations  off  Port  Erin. 

The  usual  practice,  in  our  work  on  the  yacht,  was 
this:-  At  each  station,  after  taking  the  bearings,  depth, 
Ac,  we  first  lowered  two  vertical  nets,  the  Petersen- 
Hensen  and  the  Nansen,  to  a  depth  of  20  fathoms,  pulled 
them  up  slowly  through  10  fathoms,  and  then  closed  them 
bv    *'  messengers "    run    down    the    line.       This    gave    us 
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samples,  taken  vertically  with  these  two  very  different 
nets,  of  the  organisms  present  in  the  water  between  10 
and  20  fathoms.  After  that  three  ordinary  horizontal 
open  tow-nets  exactly  alike  in  all  respects  (size,  shape, 
mesh,  age)  were  put  over — one  (A)  with  a  weight  attached 
was  allowed  to  sink  to  a  depth  of  about  10  fathoms,  from 
which  it  gradually  rose  as  the  ship  went  slowly  ahead  : 
while  the  other  two  (B  and  C),  unweighted,  remained 
continuously  at  or  just  under  the  surface  and  worked  side 
by  side  like  a  pair  of  sharks  or  porpoises  swimming  in 
our  wake.  These  two  last  nets  ought,  if  there  is  any 
uniformity  whatever  in  the  plankton  even  in  the  most 
limited  areas,  to  give  similar  results,  and  of  course  they 
did  so  in  many  cases.  The  purpose  in  taking  the  tw^o 
similar  surface  nettings  side  by  side  was  to  show  this, 
and  also  to  test  the  reliability  of  the  sample :  for  it  was 
usually  considered  a  more  valid  sample  when  these  two 
nets  agreed  in  their  evidence.  Where,  under  the  circum- 
stances stated  above,  the  gatherings  differed  notably, 
there  must  have  been  some  accident  in  the  working  of 
the  nets  or  some  irregularity  in  the  distribution  of  the 
plankton,  such  as,  no  doubt,  will  sometimes  be 
encountered  when  traversing  the  edge  of  a  swarm  of 
gregarious  organisms ;  and  it  is  important  to  get  some 
evidence  as  to  how  frequently  such  accidents  or 
irregularities  may  be  met  with.  For  example,  on  April 
2nd,  at  along-shore  Station  III,  the  two  surface-nets  used 
together  gave  17  c.c.  and  42*5  c.c.  of  material  respectively  ; 
on  April  9th,  at  Station  I,  2*5  and  8  c.c.  respectively: 
and  on  April  24th,  at  Station  II,  they  gave  7  c.c.  and 
15  c.c.  respectively.  On  many  occasions,  of  course,  they 
were  very  similar,  and  on  some  almost  identical  in  their 
catch  (see  examples  given  below).  Each  of  these 
horizontal  nets  was  hauled  for  15  minutes. 
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The  net  A  (which  may  be  called  the  weight-net)  is  of 
use  as  having  traversed  a  wider  range,  0  to  10  fathoms, 
so  as  to  sample  all  the  water  above  the  zone  traversed  by 
the  vertical  nets,  and  it  frequently,  and  in  fact  usually, 
obtained  a  larger  gathering  and  showed  a  greater  variety 
of  organisms  than  either  the  deeper,  closing  (vertical)  or 
the  open  surface  nets. 

On  some  occasions,  at  the  **  along-shore "  stations 
(e.g.,  2  miles  off  Bradda  Head)  hauls  were  taken  with  a 
new  '*  shear-net ''  made  on  the  principle  of  the  Heligoland 
"  Scherbrutnetz  "  (Conseil  Internatioval — Rapports  et 
Proch'Verb,,  vol.  ii,  p.  62,  1904).  This  was  used  as  a 
mid-water  net — being  lowered  to  a  depth  of  5  to  10 
fathoms,  where,  throiigh  the  action  of  the  shearing  plate, 
placed  like  a  vertical  otter-board,  it  remained  even  when 
the  ship  went  ahead  at  a  moderate  speed,  and  so  formed 
a  most  efficient  instrument  of  capture  in  waters  where  the 
ordinary  net  cannot  be  towed.  The  mouth  measured  nine 
feet  in  circumference,  the  net  was  over  ten  feet  in  length, 
and  being  formed  of  rather  coarse  mesh  caught  quantities 
of  the  larger  organisms  of  the  plankton  such  as  Sagitta, 
Medusae,  Ctenophora,  Zoeas,  the  larger  Copepoda  and 
some  young  fishes. 

The  variation  in  the  bulk  of  the  catch  on  different 
days  with  the  same  net,  used  so  far  as  was  possible 
under  the  same  conditions,  was  very  remarkable.  The 
accompanying  diagram  shows  graphically  the  range  in 
quantity  of  the  total  catches  with  each  kind  of  net  during 
April,  1907.  The  Nansen  net  catches  ranged  in  quantity 
from  0*5  c.c.  to  164  c.c,  the  Petersen-Hensen  from 
0*5  c.c.  to  64*5  cc,  the  weighted  open  tow-net  from 
5'5  c.c.  to  41  c.c,  the  surface  open  tow-nets  from  1  c.c.  to 
42*5  c.c,  and  the  shear  net  from  11  cc.  to  78*5  cc.  The 
black  columns  in  the  diagram  (fig.  2)  are  drawn  to  scale. 
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and   80   give   a   true   representation   of   the    proportional 
bulk  of  the  largest  and  smallest  catches  with  each  net. 

We  have  considered  it  unnecessary  to  print  in  this 
first  report  the  details  of  the  nearly  nine  hundred  tabular 
forms  containing  the  results  of  the  hauls,  but  we  shall  give 
various  lists  extracted  from  these  *  tables,  and  curves 
derived  from  the  lists,  and  we  shall  also  reproduce  a  certain 
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Fig.  '2. — Showing  by  proportional  columns  the 

range  in  quantity  taken  by  the  various 

Plankton  nets  in  April,  1907. 


number  of  the  sheets  of  records  as  samples  of  different 
nets,  dates  and  localities.  The  complete  series  of  sheets 
are  deposited  in  the  Zoological  Department  of  the 
University  of  Liverpool  and  will  be  available  for  consulta- 
tion there,  and  may  possibly,  if  it  be  found  desirable,  be 
printed  in  a  future  report  along  with  the  results  of 
a  further  year's  work. 
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Total  Plankton  throughout  the  Year. 

We  give  now,  a8  the  first  summary  statement  from 
our  Forms,  and  in  further  illustration  of  the  great 
quantitative  range  shown  by  the  gatherings  taken  on 
diiferent  days,  the  following  record  of  the  "  total 
plankton,''  reduced  to  the  average*  per  haul  for  each 
individual  day : 


Date. 

Jan.  8 

„  18 

Feb.  6 

.,  22 

M  26 

Mar.  14 

,.  26 

„  27 

„  29 

April    1 

.,  2 

..  3 

..  4 

..  5 

.,  6 
8 

..  9 

..  10 

..  11 

..  13 

„  16 

.,  16 

..  17 

,.  18 

,.  19 

.,  22 

..  23 

..  24 


Average  per  Haul. 
1-2  c.c. 


1 

1-2 

2 

0-5 

1-5 

6 
14-5 

9 
17 
31 
42-6 
31 
30 
34 
23-5 
15 
17 
21 
25 
13 
11 
51 
14 
17 
13 
22 
16 
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Date.  Average  per  Haul. 

April  26  10    c.e. 

.,     26  9 

„     27  10 

May     8  11 

,.     18  6 

„     24  6 

June  11  20 


July 


Aug. 


15 
27 

5 
12 
17 
31 

9 
10 
12 
13 
14 
16 
16 
17 
19 
20 
21 
22 
23 
24 
26 


13-5 
15 

4 

3-6 

4-6 
11 

14-5 
25 
12-5 

4 
18 
18-5 
12 
13 
12 
12 

4-5 

6 

3 
18 

5 


*  We  desire  to  point  out  that  as  the  nets  used  were  not  all 
comparable,  the  vertical  nets  catching  as  a  rule  less  and  the  shear  net 
more  than  the  open  horizontal  tow-nets,  no  conclusions  are  based 
solely  on  the  details  of  this  record.  Moreover,  during  the  greater 
part  of  the  year,  only  open  horizontal  nets  were  used,  while  in  spring 
and  autumn,  while  the  yacht  was  at  work,  the  vertical  nets  and  the 
shear  net  were  used  in  addition.  But  as  the  number  of  observations 
is  large,  and  the  non-comparablo  nets  more  or  less  neutralise  one 
another,  the  average  per  haul  is  probably  a  fair  representation  of  the 
plankton  caught.  The  averages  may  be  lowered  unduly  by  the 
vertical  nets  on  some  days,  or  raised  too  much  by  the  shear  net  on 
others,  but  must  be  substantially  correct  for  the  weeks  and  months, 
and  80  the  list  serves  to  show  the  range  in  variation  and  the  seasonal 
change— and  that  is  all  we  use  it  for. 
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Date. 


Average  per  HauL 


Aug.  27     9-6    CO 

„    28 

.,     29 

»    30 

„    31 
Sept.    2 


»♦ 


»i 


3 

4 

5 

6 

9 

IQ 

11 

12 

13 

14 

16 

17 

18 

19 


3 

8 

2 

2 

3 

2 

2 

1-6 

2 

6 

2 

2-6 

4 

3 

4-6 

8 

4 

7 

7 


Date.                Average  per  Haul 
Sept.  20    6     0.0. 


ft 


>» 


Oct. 


Nov. 


Dec. 


21 

23 

24 

26 

27 

28 

30 

1 

9 

14 

24 

4 

8 

16 

26 

12 

20 

23 

30 


4-6 

8-6 

8 

3 

3 

7 

6 

1-5 

7 
11-6 

7 
11 

6 

1-6 

2-5 

1 

1 

1 

1-6 
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From  this  list  and  the  iinsmoothed  curve  shown  below 
(fig.  8)  it  is  seen  that  the  greatest  bulk  of  plankton  in  the 
water  is  in  April,  when  the  total  catches  in  the  day 
reached  an  average  of  51  c.c.  per  haul.  Other  lesser 
elevations  are  seen  in  June  with  20  c.c,  and  August  with 
25  c.c. 

The  catch  in  some  individual  hauls  runs  a  great  deal 
higher  than  these  averages,  the  top  score  being  the  Nansen 
net  on  April  4th,  with  164*5  c.c. 

The  spring  maximum  in  the  amount  of  the  plankton 
is  clearly  due  to  a  great  and  sudden  increase  in  the 
amount  of  Diatoms  present.  The  other  rises  soon  later  in 
the  year,  as  in  June,  August,  and  to  a  slighter  extent  in 
October,  are  less  marked,  and  are  less  clearly  due  to  one 
cause. 

Seasonal  Variations  in  the  Plankton. 

The  above  remarks  indicate,  what  has  in  fact  long 
been  recognised,  that  the  amount  of  plankton  varies  tr) 
some  extent  with  the  season. 

We  shall  now  reproduce  some  of  our  Forms  giving  the 
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results  of  hauls  showing  special  features  of  the  plankton 
at  different  times  of  the  year. 

Form  No.  10,  representing  the  hauls  taken  on  an 
oflF-shore  station  on  April  5th,  shows  the  condition  of 
affairs  during  the  spring  maximum  of  Diatoms.  It  will 
be  noticed  that  14  millions  of  one  species,  Chaetoceros 
conforfum,  were  present  in  one  haul  of  the  Nansen  net. 
The  total  number  of  Diatoms  in  that  haul  was  nearly 
17  millions,  including  two  millions  of  Thalassiosira 
Tinrdetiskioldii. 

Comparatively  few  ( 'opepoda  and  other  large  organisms 
were  present.  It  will  be  noticed  that  the  two  surface 
gatherings  of  this  date  were  moderately  alike,  the  same 
organisms  wore  present  in  both,  although  one  net  had,  in 
some  cases,  about  twice  as  many  as  the  other ;  but  still 
the  hauls  were  of  the  same  general  type  and  the  quantities 
were,  in  most  cases,  not  very  different,  showing  that  one 
can  get  a  good  general  idea  of  the  fauna  by  such  hauls, 
but  that  one  cannot  depend  upon  their  being  minutely 
representative.  They  may  represent,  apparently,  some- 
thing like  double  or  half  the  quantity  of  organisms 
obtained  in  neighbouring  hauls. 

For  comparison  with  Form  10  we  print  Form  71, 
showing  a  similar  series  of  hauls  taken  late  in  August 
from  a  neighbouring  station.  Here  there  are  practically 
no  Diatoms  present,  there  being  only  a  very  few 
individuals  of  mddulphia  mohiliensis.  On  the  other 
hand,  the  Copepoda  are  more  abundant  than  they 
wore  in  April.  For  example,  compare  Oithorta  similise 
where  only  tens,  amounting  at  most  to  a  few  hundreds, 
were  present  in  April,  and  thousands  (reaching  eleven 
thousand  in  tho  weighted  net)  were  in  the  August  haul. 
Other  interesting  differences  will  be  noticed  on  comparing 
the  two  Forms. 


10.— Off-shore  Station  II,  April  5th,  1907 


Net  Qwd    Surfsoe. 

Depth  in  fathoms 0 

Citchinc.™.       8 

'     Aslerionella  bleukeleyi     — 

Bidduiplua  mobilionaiii    3.000 

ChnlooeroB  contoitum      33,000 

decipieni  6,000 

d^dems   — 

CoaoinodiBCUB  ooncmnus  2,000 

CbsciDORlra.  polyohordu — 

Bhitoaoleiua  semiBpiDa    1.000 

Thalonioairo  grarida   1,000 

nordenakioldii    ...  21,000 

Lauderia  borealis 1,000 

Ceratulina  betgonii   — 

Caratium  furca — 

fusuB 1,000 

tripoB. 1,600 

MeduBoidgonopbona   40 

HuWi  ot  GohinodemiB     600 

Sagitta  bipuncUta    — 

L^val  Polychnta 

"  Mitraria  '    — 

Crab  loea   ~~ 

-MyaiB  jtUge  ot  Craogoii     — 

■..arval  Sepliropa  lat  Btage — 

Evadao  nordmanni  16 

Calanus  helgolandii^ui  — 

PseudocaliuiiiH  (^]ol1gat^a     35 

Temora  longicomis   10 

OntropngtB  hiiiiiBlus   25 

Anomalocora  puttersoni  60 

OL^tToni'simi'Hs '^^^II^Z'^'!'^^  20 

Copepod  naiiplii    1.000 

„      metanauplii    30 

Barnacle  nauplii    10 

OikopleuraBp 300 

Fishegga;  Rockling     — 

Scald  UbIi    tl 

Plaice I 

„          Flounder     2 

Long  Rough  Dab  ...  ^ 

Dab     — 

Sail  Fluke  — 

Whiting II 

Haddock     2 

„          Green  Cod 5 

Cod 13 

Bib — 

Young  fishes,  Plaice ^ 


_ 

_ 

16,000 

4.000 

1,000 

16.000 

7,00( 

78.000 

286.000  14,000.000 

60,000 

50.000 

1.000 

1.000 

4.000 

2.000 

4,000 

1,000 

8.000 

90.000 

52.000 

26.000 

2,000,000 

20,000 

600.000 

1,000 

1,000 

2.000 

3,000 

1,000 

3,000 

1.000 

_ 

1.000 
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71.— Off-shore  Station  I,  Aug.  2l8t,  1907 


>t  used     Surface      Surface      Hensen      Nansen       Nansen  Weight 

jpth  in  fathoms     0  0  20-10  20-0  20-10      10-0 

tch  in  com 1*5  7  0*6  2*6  2        8*5 


idulphia  mobiliensis     —  —  —  26  — 

ratium  furca  —  —  10  —  — 

fusus  —  —  80  26  50 


*• 


tripos     250  1.500  700  100  600  1,300 

ridinium  sp —  —  30  50  25  — 

Dchiscia  sp —  —  10  —  —  — 

?ittA  bipunctata    12  14  3  30  10  25 

mopteris  onisciformis  —  —  3  —  —  — 

rval  Polyrhieta     100  100  —  —  —  — 

lb  zoea  —  3  1  —  11 

,     megalopa —  —  —  —  —  1 

^is  stage  of  Crangon    1  —  1  3  6  10 

rydice  inermis  —  1  —  —  —  — 

phrops     Ist  stage     —  —  1  —  2  — 

don  intermedium 10  40  —  20  10  60 

adne  nordmanni   _______  16 

lanus  helgolandicus 100  200  2  10  8  125 

^udocalanus  elongatus 60  30  50  300  375  550 

mora  longicomis  25  40  5  65  40  100 

itropages  hamatus  80  75  5  5  —  80 

omalocera  pattersoni  7  15  —  —  —  4 

artiaclausi    320  800  —  110  65  750 

honasimilis 2,200  8,000  125  1,000  600  11,000 

rapontella  6  10  —  6  —  — 

aumaleus  rigidus —  —  —  —  1  — 

pepodnauplii 10,000  30.000  750  2,000  1,360  16,000 

juv 2.600  5.000  240  500  600  2,000 

steropods,  larval  —  —  —  25  —  — 

meUibranchs,  larval     —  —  10  60  26  — 

copleurasp 360  '      200  6  500  —  200 

h  eggs,  Goldsinny    1  —  —  —  —  — 


In  Form  66  we  ^ive  the  results  of  four  hauls  taken 
in  Port  Erin  Bay  about  the  middle  of  August  (14th  to 
17th)  to  show  again  a  plankton  where  Diatoms  were 
absent,  but  where  Copepods  were  present  in  abundance, 
amounting  to  25,000  in  the  case  of  Oithona  similis  on 
August  17th.  The  three  hauls  of  August  14th,  15th  and 
16th  are  verv  similar  in  total  amounts,  and  not  unlike  in 
some  of  the  constituent  items,  but  the  haul  on  August 
17th  showed  nearlv  double  the  total  quantity,  due  mainly 


no 


to  the  increase  in  one  species  of  Copepod — Oithona  similis, 
August  14th  showed  an  unusually  large  number  of 
Copepod  Nauplii  and  of  Oikopleura. 

.—Port  Erin  Bay.    August  14,      15th,      16th,      17th. 


Depth  in  Fathoms    0 

Catch  in  c.cm 18 


0 

0 

0 

18-5 

17-5 

30-5 

1,000 

500 

^.^ 

1 

3 

2 

100 

— 

1,800 

800 

700 

25 

6 

— 

300 

5 

3 

— . 

20 

200 

2 

15 

KK) 

200 

700 

500 

700 

700 

500 

800 

6.500 

2.500 

2.000 

200 

200 

200 

600 

100 

200 

6,000 

5,000 
1 

25,000 

13.000 

3.500 

13.000 

4.000 

3,500 

5.000 

900 

2(M» 

21K» 

I 

40 

25 

1 

Oeratium  tripos     1,000 

Pleurobrachia  pilous     — 

Medusoid  gonophores  250 

Sagitta  bipunot'ata    600 

Tomopteris  onisciformis  — 

"Mitraria  " 100 

Crab  zoea  200 

„     megalopa — 

Mysis  stage  of  Crangon    200 

Podon  intermedium 300 

Evadne  nordmanni  100 

Calanns  holgolandicus  50 

Pseudocalanus  elongattis 3.500 

Temora  longicomis       3.500 

Centropages  hamatus  100 

Acartia  clausi     1,000 

Oithona  similis 12.000 

Caligus  rapax     — 

Paracalan us  parvus  250 

Copepod  nauplii    25.000 

juv 4.000 

Lamollibranchs,  larval     1.500 

Oikopleura  sp 2,800 

Pish  eggs,  Rockling 15 

BriU     — 

Goldsinnv  -r 


♦  • 
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In  Form  104  we  show  an  example  of  the  Diatom 
fauna  that  makes  its  appearance  again  late  in  September. 
The  two  surface  nets  represented  show  very  large  numbers 
of  Diatoms,  extending  up  to  13  millions  and  Ifl  millions 
in  single  hauls  in  the  case  of  Rhizosolenm  semispina — in 
fact  this  highest  peak  in  the  September  maximum  of 
Diatoms  is  mainly  composed  of  this  one  species  of 
Rhizosolenm,  whereas  in  the  spring  maximum  the  bulk 
of  the  catch,  as  may  be  seen  from  Form  10  (p.  108),  is 
made    up    of    Chaetoceros    cotitorfum     and     Thalassiosira 


»« 


^* 
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nordenskioldii,  species  that  are  rare  or  altogether  absent 
in  September  gatherings.  The  genus  Thalassiosira  is 
mainly  a  spring  form,  rarely  present  after  May,  and  is 
not  represented  in  autumn  in  this  year's  results. 

104. — Station  III,  September  12. 


Depth  in  fathoms     0  0 

Catch  in  c. cm lOJ  11 

Aaterionella  bleakeleyi     1,200  1,200 

Chaetoceros  clebile    1,000  3,000 

decipiens  7,600  8,000 

teres 20,000  60,000 

subtile  123,000  140,000 

Coscinodiscns  concinniis       ...  2,500  2,500 

Ditylium  brightwellii    2,500  2,500 

Eucampia  zodiacus  3,750  4,000 

Melosira  borreri     4.000  5,000 

Lauderia  borealis 100,000  120,000 

Leptocylindrus  sp. 38,000  50,000 

Coscinodiscus  radiatiis 1,250  1,250 

Rhizosolenia  semispina    13,000,000      16,000,000 

shrubsolei    15,000  20,000 

stolterfothii    ...  25,000  30,000 

setigera  2,500  2,500 

alata    140,000  150,000 

CJeratium  furra 2,500  7,500 

fusuH      15.000  17,000 

tripoH    37,000  50,000 

Mcdusoid    gonophores     2  7 

Galanus  helgolandicus 5  11 

Pseudocalanus  elongatus      ...  40  60 

Centropaees  hamatus   8  20 

Acartia  clausi     800  900 

Oithona  aimilis 200  250 

Isias  clavipes      8  5 

Parapontella  bre  vicomis 1  1 

Paracalanus  parvus 20  80 

Copepod  nauplii 8.000  9,000 

juv 3,000  3,800 

Oikopleura  sp 10  10 

Aaoidian  eggs     4.000  10.000 


». 


.. 
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The  three  seasonal  conditions  illustrated  by  Forms  10 
(April),  66  and  71  (August),  and  104  (September)  are  very 
well  marked,  and  a  detailed  examination  of  these  series  of 
hauls  is  instructive. 
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CX)MPARISON  OF  HAULS. 

The  results  which  we  print  (Forms  17  and  18)  of  the 
hauls  obtained  on  April  9th  and  10th  in  Port  Erin  Bay 
are  good  examples  of  a  local  plankton  mainly  composed 
of  Diatoms.  It  will  be  noticed  in  running  the  eye  down 
the  groups  in  Form  17  that  whereas  the  Diatoms  occur  in 
thousands  extending  up  to  even  100,000,  the  Dinoflagel- 
lates  are  in  hundreds,  extending,  at  most,  to  a  thousand ; 
the  Copepoda  are  in  tens,  rarely  reaching  a  hundred  or  two, 
while  the  fish-eggs  are  scattered  units,  such  as  1  and  2. 
The  general  character  of  these  hauls  on  April  9th,  then, 
is  that  there  are  ten  times  as  many  Copepods  as  fish-eggs ; 
ten  times  as  many  Dinoflagellates  as  Copepods,  and  ten 
times  as  many  Diatoms  as  Dinoflagellates,  per  species. 
In  Form  18,  on  the  following  day,  the  propoi*tions  are 
somewhat  the  same ;  and  if  we  pick  out  the  largest 
numbers  recorded  in  each  of  these  groups  they  may  be 
described   in   the   case   of  each   dav   as   units,   hundreds. 

« 

thousands  and  tens  of  thousands. 

DiatoniK         Dinoflagellates    Copepods     Fish  Eggs 

April     9     100,000     ...     1,000     ...     250     ...     2 
April  10      90,000     ...     2,000     ...     780     ...     8 

As  another  example  of  the  same  run  of  figures  in 
these  groups  we  note  that  in  a  surface  haul,  W.  of  the 
Calf  Island,  on  March  29th,  the  total 

Diatoms   amount    to    ...  ...  ...  72,650 

Dinoflagellates      ...  ...  8,500 

Copepoda               ...  ...  368 

Fish  Eggs              ...  ...  93 

Generally  speaking  these  proportions  hold  good  for 
many  of  the  series  of  hauls  not  only  in  the  Bay,  but  also 
outside;  see,  for  example,  Forms  20  and  21,  below. 

It  is  also  interesting  to  note  that  of  these  two  series 
of  hauls  taken  in  exactly  the  same  spot  on  adjoining  days. 
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the  total  amount  obtained  is  much  the  same,  but  is  made 
up  of  rather  different  constituents,  Biddulj^hia  mobiliensis, 
Chaetoceros  contortuniy  and  some  other  forms,  being  more 
abundant  on  the  9th ;  while  C,  dehile,  present  on 
the  9th,  is  altogether  absent  on  the  10th.  The  very 
large  number  of  Echinoderm  Plutei  on  April  9th  is 
noteworthy ;  their  occurrence  is  very  sporadic ;  they 
were  present  again  in  large  numbers  on  April  19th,  when 
1,000  were  taken  in  the  haul  corresponding  to  I.  A.  on 
April  9th.  But,  on  the  whole,  the  resemblance  between  the 
two  hauls  is  more  striking  than  the  differences,  the  list 
of  organisms  is  very  nearly  identical  in  the  two  sheets, 
and  the  general  run  of  the  numbers  is  for  the  most  part 
the  same. 

Another  interesting  comparison,  in  this  case  of  two 
separate  but  not  distant  localities  taken  practically  at  the 
same  time,  is  seen  in  the  Forms  (20  and  21)  that  are  given 
here  for  April  10th.  No.  20  is  from  off-shore  station  I, 
five  miles  N.W.  of  Bradda  Head,  while  No.  21  is  from 
the  second  station  ten  miles  off  land  along  the  same  line. 
Both  are  in  the  open  sea  and  at  both  the  same  set  of  nets 
(Hensen,  Nansen,  Weighted,  and  two  Surface  nets)  were 
used,  within  an  hour;  but  in  the  first  locality  the  total 
bulk  of  the  plankton  caught  was  104  c.c.  while  in  the 
second  locality  it  was  only  39  c.c. ;  and  it  will  be  noticed 
in  running  the  eye  down  the  figures  for  the  different 
organisms  that  the  five-mile  station  yielded  far  more  in 
the  case  of  Diatoms  and  Dinoflag^llates  and  fish-eggs,  but 
less  in  the  case  of  Copepoda.  The  total  Diatoms  amount 
to  over  3|  millions  at  five  miles  as  against  324,000  at  ten 
miles ;  the  total  Dinoflagellates  is  55,000  at  five  miles  and 
13,000  at  ten  miles;  while  the  Copepods  are  under  3,000 
at  five  miles  and  nearly  5,000  at  ten  miles.  The  general 
run  of  organisms  present  is  the  same  in  the  two  cases, 
although  the  total  numbers  differ  so  much. 

H 
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17.— Port  Erin  Bay,  April  9th,  1907. 


Net  used,  Surface I.A  II.A  I.Bl  I.B2  I.B3  II.Bl     II.B2 

Catch  in  c.cm 10*5  8  7  65  4  85           85 

Biddulphia  mobiUensis  45.000  7,000  8,500  2,600  3,000  7,600 

Chaetoceroscontortum...  39,000  38,000  70,000  31,000  50,000  100,000 

debile    9,000  —  2,000  —  2,600  2,000 

decipiens  ...  7,500  3.600  8,500  4.000  2,500  5.500 

teres 1,600  —  1,000  —  1.000  — 

diadema    ...  2,000  —  2,600  1,000  1,000  500 

oriophilum  —  —  —  —  —  500 

Coscinodiscus  concinnus  3.000  2,000  2.000  1,000  2,000  3,500 

Ditylium  brightwellii    ...  —  —  500  —  250  1,000 

Rhizosoleniasemispina...  500  1,000  1,000  2,000  1,000  3.000 

Thalassiosira gravida    ...  100  100  —  —  250  500 

nordenskioldii  12,000  13,000  5,000  14,000  11,000  30,000 

subtiUs     1,000  6,000  6,000  4,000  5,000  5,600 

Lauderia  borealis  2,500  500  2.500  500  500  3.000 

Trochisciasp ^  _  _  _  20  26 

Acanthometra  sp. —  —  —  —  60  50 

Ceratium  furca 300  _  500  —  260  200 

fusus     100  1,000  500  1,000  500  1,000 

tripos    —  1,000  500  —  500  260 

Peridiniumsp —  1,000  500  100  250  300 

Medusoidgonophores    ...  75  70  10  27  30  30 

Plutei  of  Echinoderms  1,000  1,500  600  500  500  — 

Larval  Polychaeta 76  76  20  10  30  50 

**Mitraria*'    100  100  —  —  100  100 

Crab  zoea    6  —  —  1  —  1 

Podon  intermedium 20  12  10  10  20  — 

Evadne  nordmanni  5  —  —  —  —  50 


Calanushelgolandicus  ...  26  6  10  10  10  15 

Pseudocalanus  elongatus  70  176  160  250  190  126 

Temora  longicomis  20  35  20  6  5  46 

Centropages  hamatus    ...  —  —  5  5  5  10 

Acartia  clausi    60  40  10  40  15  60 

Oithona  similig 140  85  56  40  35  100 

Anomalocera  juv —  2  —  —  10  — 

Paracalanus  parvus —  —  —  15  —  — 

Copepod  nauplii     11,000  3,000  3.000  1,500  4,500  3,000 

„       metanauplii    ...  —  20  —  —  —  — 

.,       juv 1,100  375  160  475  165  400 

Barnacle  nauplii    400  175  75  275  220  140 

„       cypris  stage   ...  10  6  6  12  7  5 

Oikopleurasp 900  600  550  700  630  750 

Fish  Eggs:— Rockling...  1  1  —  2  —  — 

Com.  Dragonet 2  1  —  —  1  — 

Cod 1  1  _  _  _  _ 

Green  Cod  1  _  __  _  _  2 

Bib  1  _  _  _  _  _ 

Whiting 2  —  —  I  —  1 

Red  Gurnard     —  1  —  —  —  — 

Topknot 2  —  —  —  —  — 

Dab     1  1  _  _  _  _ 

Sail  Fluke  1  _.  _  _  _  _ 

Sprat  _  1  _  1  _  1 

Toung  Fishes- 
Larval  Gadoid    —  —  1  —  —  — 

lAorval  Pleuronectid ...  —  —  —  —  —  1 
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Net  used,  Surface l.Al  II.A  I.Bl         I.B2         I.B3        II.Bl     II.B2 

Catch  in  c.cm 14  8  7               8               8          10'6          125 

Biddulphia  mobilienHiB  5.000  1,500  1,500 

Chaetoceros  contortum  15,000  20,000  20.000 

decipiens  ...  2,000  —  1,000 

teres —  —  500 

diadema    ...  —  150  — 

Coscinodiscus  concinnus  2,000  1.000  1,500 

Eucampia  zodiacus —  —  — 

Rhizosolenia  semispina  500  —  500 

Thalassiosira  gravida   ...  —  —  — 

nordenskioldii  3,500  10,000  4,000 

subtilis 8,000  6,000  3,000 

Lauderia  borealis 500  250  — 

Trochiscia,  sp —  50  — 

Acanthometra  sp. 30  —  150 

Ceratium  furca —  —  100 

fusus     1,500  250  500 

tripos    200  500  2,000 

Peridinium  sp 500  100  500 

Medusoid  gonophores   ...  150  3  60 

Plutei  of  Echinoderms  100  100  — 

Sagitta  bipunctata    —  —  — 

Larval  Polychaeta    150  5  60 

"Mitraria"  200  150  50 

Crab    zoea —  —  — 

Mysis  stage  of  Crangon  5  —  3 

Podon  intermedium 20  —  10 

Evadne  nordmanni   10  2  20 

Calanus  helgolandicus  ...  60  30  100 

Pseudocalanus  elongatus  780  30  300 

Temora  longicomis  100  30  70 

Centropages  hamatus   ...  20  10  30 

Acartia  clausi     70  30  80 

Oithona  similis 350  100  200 

Anomalocera  juv —  10  10 

Paracalanus  parvus  —  —  — 

Copepod  nauplii 11,500  500  2,500 

juv 2,250  .75  750 

Barnacle   nauplii  850  50  460 

„         cypris  stage  12  4  8 

Oikopleura  sp 1,800  250  1,300 

Fish  Eggs— Rockling  ...  1  6  — 

Common  Dragonet    ...  —  —  1 

Cod 1  —  — 

Green  cod       —  2  1 

Bib 1  1  — 

Whiting  2  —  — 

Flounder     —  —  — 

Dab     _  —  — 

Long  rough  dab    —  —  — 

SaU  Ouke    __  —  _ 

Sprat  —  —  — 

Young  Fishes — 

Flenronectid  1  — 
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20.— Off-shore  Station  I,  April  10th,  1907. 

Net  used  Surface  Surface  Hensen  Nansen  Weight 

Depth  in  fathoms   0  0  20-10  20-10  10-0 

Catch  in  c.cm 12  18*5  1  .58o  15 

Biddulphia  mobiliensis       6,000  5,000  500  1.000  7.000 

Chaetoceros  contort  urn  39,000  28,000  19,000  1.200,000  26,000 

debile      _  —  _  75,000  — 

decipiens 2,000  1,000  500  62,000  2.000 

sociale     —  —  4.500  75,000  — 

teres    —  —  1.000  25,000  1.000 

„            diadema ^  _  _  26,000  — 

Coscinodiscus  ooncinnus     1.000  1,500  500  12,000  1,000 

Ditylium  brightwellii —  —  —  6,000  — 

Euoampia  zodiacus     —  150  —  —  — 

Rhizosolenia  semispina 1,000  —  —  12,000  1,000 

Thalassiosira  gravida     —  —  500  12,000  •          — 

nordenskioldii  ...  58,000  135,000  15,000  1,600,000  17,000 

subtilis 3,000  1,500  —  12,000  10,000 

Lauderia  borealis    1.000  1,500  5,000  150,000  — 

Geratium  furca    —  1,000  —  —  — 

fusus   3,000  500  —  —  1,000 

tripos  4,000  3,000  500  —  3,000 

Peridiniumsp 1,000  1,000  —  37.000  500 

Medusoid  gonophores     30  80  5  26  80 

Plutei  of  Echinoderms   1,000  1,000  _  __  500 

Sagitta  bipunctata —  —  —  —  6 

Tomopteris  onisciformis —  —  —  I  2 

Larval  Polychaeta  _____  20  20 

Crab  zoea     2  1  —  —  6 

Mysis  stage  of  Crangon     —  —  —  1  14 

Nephrops,  Ist  stage    —  —  —  3  5 

Podon  intermedium    —  —  1  —  10 

Evadne  nordmanni     10  10  —  —  10 

Calanus  helgolandicuH    25  1  3  23  20 

Pseudooalanus  elongatus   —  —  18  130  350 

Temora  longicomis 26  —  5  56  180 

Centropages  hamatus     30  40  —  2  10 

Acartia  cTausi  500  500  8  14  200 

Oithona  simihs    —  30  2  47  40 

Anomalooera  juv 170  500  —  —  20 

Copepod  nauplii  3,000  2,000  500  —  5,000 

metanauplii —  —  —  —  100 

juv 500  —  25  130  600 

Barnacle  nauplii 10  10  2  25  20 

„          cypris  stage    2  1  —  I  5 

Oikopleurasp 270  300  18  80  350 

Fish  Eggs:   Haddock 4  __  —  _  j 

C5od    5  31  —  —  5 

Green  Cod    15  33  —  —  22 

Com.  Dragonet    5  3  —  —  1 

Whiting    60  89  —  —  16 

Rockling  —  1  —  —  — 

Grey  Gurnard —  6  —  —  — 

Bib     3  23  —  —  6 

Topknot    1  3  —  —  1 

Brill  1  —  _  _-  _ 

Red  Gurnard   1  —  —  —  — 

Sail  Fluke 9  2  —  —  1 

Dab   2  4  —  —  I 

Scald  fish 3  I  —  —  — 

Long  Rough  Dab    —  1  —  —  1 

Sprat     3  6  —  —  4 

Voung  fishes — Gadoid    — — — 1  10 
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21.     Off-shore  Station  II,  April  10th,  1907 


Net  used  Surface      Surface 

Depth  in  fathomK   0  0 

Catch  in  c.cm 7  8*5 

Asterionella  bleakeleyi  —  — 

Biddulphia  mobilicnsis  100  100 

Chaetoceros  coritortum  1,000  4,000 

„           decipiens  —  — 

„          sociale   —  — 

„           teres —  — 

Coscinodiscus  concinnus    2,000  l,0(M) 

DityUura  brightwellii  ...I —  — 

Eucampia  zodiacus     —  — 

Rhizosolenia  semispina —  — 

„            stolterfothii  —  — 

Thalassiosira  gravida      —  — 

nordcnskioldii  ...  1,500  3.5(KI 

subtilis 1,000  — 

Laudcria  borealia    100  — 

Ceratulina  bcrgonii —  — 

Ceratium  furca    500  100 

fusus    200  500 

tripos  1,000  500 

Peridinium  sp 500  1,000 

Medusoid  gonophores     40  10 

Plutei  of  Echinoderms  —  — 

Sagitta  bipunctata —  — 

Tomopteris  oniscifomiis —  — 

Larval  Polychaeta —  — 

'*  Mitraria  " 150  — 

Mysis  stage  of  Crangon     —  — 

Podon  intermedium    —  — 

Evadne  nordmanni     10  — 

Calanus  helgolandicus    6  2 

Pseudocalanus  elongatus   —  — 

Teraora  longicomis     10  30 

Centropages  hamatus     10  10 

Acartia  clausi  880  570 

Oithona  simiUs    30  100 

Anomalocera  juv 500  750 

Copepod  nauplii  1,500  2,000 

„         metanauplii 3ft  150 

juv 3<K)  500 

Barnacle  nauplii 10  40 

cypris  stage    3  5 

Oikopleura  sp 1.3<K)  1.800 

Fish  Eggs — 

Whiting    1«  13 

Red  Gurnard    8  5 

Green  Cod    12  7 

Cod    —  6 

Bib    2  — 

Scald  fish 1  1 

Dab  3  1 

Sprat     —  — 

Young  fishes — Gadoid   —  — 
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As  representative  examples  of  the  series  of  hauls 
taken  at  the  two  offshore  stations  (I  and  II)  early  in  April 
we  give  here  copies  of  our  Forms  10  and  12.  These  are 
both  localities  in  the  open  sea,  well  out  from  the  land, 
about  five  miles  apart,  and  under,  so  far  as  can  be  seen, 
practically  the  same  influences  and  conditions.  They 
exemplify  several  points  we  wish  to  elaborate,  viz., 
a  certain  amount  of  similarity  between  the  surface  hauls, 
the  weighted  net  at  ten  fathoms  showing  as  a  rule  a  larger 
catch  than  the  surface  nets,  and  the  Nan  sen  vertical 
bringing  up  more  than  the  Hensen.  But  the  point  we 
specially  wish  to  illustrate  from  these  Forms  is  that  the 
plankton  fauna  on  these  two  occasions  had  a  similar 
•  character,  although  the  numerical  results  may  be  far 
from  agreeing.  The  total  Diatoms  at  Station  I  are  over 
twelve  millions  and  at  Station  II  over  seventeen ;  in  each 
case  it  is  the  Nansen  net  that  caught  the  millions  both  of 
CJtaetoceros  and  of  Thalassiosira,  The  total  Copepoda  at 
Station  I  is  1,534  and  at  Station  II  2,247,  but  the 
numbers  in  the  case  of  some  of  the  species  are  of  the  same 
**  order  "  on  the  two  Forms — Calamis  is  in  units,  Centro- 
pages  and  Anomalocera  in  tens  and  Acartia  in  hundreds 
in  each  case. 

Finally,  the  conclusion  one  comes  to  from  the 
inspection  of  these  Forms  is  that  much  the  same 
organisms  are  present  in  somewhat  similar  proportions; 
so  that  although  it  is  possible  to  discuss  the  general 
character  of  the  fauna  and  the  relative  abundance  of 
different  groups,  it  is  not  possible  to  use  the  u umbers  as 
the  basis  of  calculations  as  to  the  quantity  of  any  group, 
or  of  living  things  as  a  whole,  in  any  large  area  of  the 
sea  at  a  particular  time — the  results  arrived  at  might 
easily  be  50  per  cent,  wrong  in  either  direction. 

To  show — what  will  be  readily  admitted  by  all  who 
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10.  -Station  II,  April  5th,  1907. 

Net  nsed     Surface       Surfaoe  Hansen  Nansen  Weight 

Depth  in  fathoms 0  0  20-10  20-10  10-0 

Catch  in  c.cm 9  12  12-6  100  16-6 

Asterionella  bleakeleyi  —  —  —  16»000  — 

Biddulphia  mobiliensis  3  000  4,000  1,000  15,000  7,000 

Chaetoceros  contortum  33,000  78.000  286,000  14,000,000  160  000 

decipiens  ...  6,000  6,000  6,000  50,000  10,000 

teres  —  —  2,000  50,000  — 

„            diadema    ...  —  —  1,000  —  — 

Cosclnodiscns  concinnus  2,000  4,000  1,000  15.000  2,000 

Coecinosira  polychorda. . .  —  —  4,000  —  — 

Rhizosolenia  semispina  1,000  2,000  4,000  —  — 

Thalassiosira  gravida   ...  1,000  1,000  8,000  90,000  — 

nordenskioldii  21,000  52,000  26,000  2,000,000  70,000 

Lauderia  borealis 1,000  2,000  20,000  600,000  8,000 

Ceratulina  bergonii  —  —  1,000  —  — 

Ceratium  furca  —  1,000  1,000  —  2,000 

fusus 1,000  3,000  1.000  —  1,000 

tripos 1,500  3,000  1,000  —  1,000 

Medusoid  gonophores  ...  40  20  —  —  90 

Plutei  of  Echinoderms  500  1.000  —  —  1,000 

Sagitta  bipunctata    —  —  —  —  6 

Larval  Polychaeta    —  —  4  —  — 

*Mitraria' -  -  —  —  600 

Crab  zoea   —  —  16  6 

Mysis  stage  of  Crangon  —  —  —  —  1 

Larval  Nephrops.  stage  1  —  —  —  —  3 

Evadne  nordmanni  15  10  —  —  — 

Calanus  helgolandiciis  ...  —  —  —  —  10 

Pseudocalanuselongatus  35  40  16  250  220 

Temora  longicomis  10  30  3  225  130 

Centropages  hamatus  ...  25  40  —  —  — 

Anomalocera  pattersoni  50  40  —  —  10 

Acartia  clausi 200  220  6  300  110 

Oithona  similis  20  10  7  200  30 

Copepod  nauplii 1,000  2,000  9,000  —  6,000 

„        metanauplii    ...  30  20  —  —  — 

Barnacle  nauplii    10  16  2  2  — 

Oik.  pleura  sp.    300  225  12  1,500  520 

Pish  eggs : — 

Rockling     —  2  —  —  2 

Scald  fish    6  1111 

Plaice 1  —  —  —  — 

Flounder     2  —  —  —  — 

Long  Rough  Dab  ...  —  1  —  —  — 

Dab     _  3  _  _  _ 

Sailfluke _  2  —  —  — 

Whiting 11  14  -  4  6 

Haddock     2  —  -  1  2 

Green  Cod  5  6  —  56 

Cod 13  12  —  4  2 

Bib  _  3  _  1  — 

Younff  fishes  :  — 

^aioe     —  —  1  —  — 


»» 
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12.— Station  I,  April  8th,  1907. 

Net  used     Surface        Surface  Hensen  Nansen  Weight 

Depth  in  fathoms 0  0  20-10  20-10  10-0 

Catch  in  c.cm 20  12  6-6  73  21 

Asterionella  bleakeleyi  100  —  —  —  — 

Biddulphia  mobiUensis  100  4,000  300  20,000  2,000 

Chaetoceros  contortum  12,000  10,000  31,000  1,660,000  9,000 

debile    156,000  60.000  100,000  7.600,000  138.000 

decipienfl  ...  9,000  10,000  4,000  150.000  27.000 

„            sociale   —  —  6  000  —  — 

teres —  —  1,000  —  — 

Coscinodiscus  concinnus  800  3.000  1,000  50,000  1,000 

Coscinosira  polychorda. . .  —  —  —  20,000  — 

Ditylium  brightwellii    ...  100  —  —  —  — 

Rhuosolenia  semispina        )  100  —  —  —  — 

Thalassiosira  gravida   ...    '  —  —  1,000  50,000  — 

nordenskioldii        186,000  120.000  37,000  1,350,000  132,000 

subtilis    ...  16,000  16,000  —  —  20,000 

Lauderia  borealis 100  —  7,000  450,000  3,000 

Leptocylindrusdanicus...  —  —  —  1,000  — 

Ceratium  furca 100  600  —  —  300 

fusus 100  600  —  —  500 

tripos     100  500  260  —  500 

Medusoideonophores  ...  —  —  —  8  100 

Plutei  of  Echinoderms  —  —  _  _  jqO 

Sagitta  bipunctata    —  —  —  2  10 

Larval  Polychaeta —  —  3  3  10 

Crab  zoea   1  —  —  —  4 

Myais  stage  of  Crangon  —  —  2  2  — 

Larval  Nephrops,  stage  1  —  —  —  —  2 

Evadne  nordmanni  50  76  —  —  — 

Calanus  helgolandicus  ...  1  2  1  3  1 

Pseudoca'anuselongatus  —  —  9  40  600 

Temora  longicomis  10  —  6  30  200 

Centropages  hamatus  ...  6  40  —  —  — 

Anomalocera  pattersoni  25  76  —  —  — 

Acartiaclausi 225  200  1—100 

Githona  similis  14  —  I  4  30 

Isias  clavipes     —  —  —  —  10 

Copepod  nauplii 600—500  1,000  — 

metanauplii    ...  100  75  3  —  — 

juv 50  —  —  —  — 

Barnacle  nauplii    10  16  2  20  150 

„         cypris  stage  10  —  2  —  4 

Oikopleurasp 100  60  6  6  350 

Ascidian  eggs     —  100  —  —  — 

Fish  eggs : — Rockling  ...  —  1  —  —  — 

Common  Dragonet  —  1  —  —  1 

Sailfluke 6  1  —  —  3 

Topknot —  2  —  —  — 

Long  Rough  Dab  ...  1  —  —  —  — 

Dab     1  —  _  _  _ 

Scald  fish    1  _  _  _  _ 

Cod 6  27  —  —  6 

Whiting 29  47  '     —  —  10 

Bib 12  24  -  —  — 

Young  fishes : — Gadoid...  —  —  —  I  — 


»» 
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have  had  any  experience  of  plankton  work — the  marked 
effect  of  the  size  and  mesh  of  the  net  upon  the  resulting 
catch,  we  give  here  from  Form  47  the  hauls  of  two  surface 
nets  and  a  shear  net  taken  off  Bradda  Head  on  April 
23rd;  and  we  add  also  another  shear-net  haul  taken  later 
the  same  day  a  couple  of  miles  off,  between  Bradda  Head 
and  the  Calf  Island.  It  will  be  noticed  that  the  two 
surface  hauls  are  very  much  alike  in  quantity  and 
constitution,  and  the  two  shear-net  hauls  are  like  one 
another  and  very  different  from  the  surface  hauls.  The 
shear-net  has  retained  no  Diatoms  and  no  Dinoflagellates, 
but  has  caught  far  larger  quantities  of  the  larger 
organisms,  such  as  Medusoids  (Hybocodon  prolifer)  4,500 
against  10  and  100  taken  in  the  surface  nets  at  the  same 
time,  Sagitta  200  against  2,  young  Shrimps  1,800  asrainst 
5  and  8,  and  young  Norway  Lobsters  1,600  against  1.  In 
the  case  of  the  (Jopepoda  the  shear-nets  have  large  hauls 
of  a  large  form  such  as  CalanuSy  but  much  smaller  hauls 
of  the  smaller  forms  such  as  Acartia  and  Oithona. 
Similarly  the  shear-nets  have  not  retained  the  larval  and 
young  Copepods,  but  have  most  of  the  fish  eggs  and  all 
the  young  fishes.  Some  of  the  differences  in  further 
detail  may  be  due  to  the  depth  at  which  the  shear-net 
was  towed,  but  the  broad  lines  of  difference  are  clearly 
seen  to  be  caused  by  the  nature  of  the  nets. 

In  order  to  determine  more  definitely,  without  any 
disturbing  influence  due  to  depth,  the  difference  in 
catching  power  between  the  large  open-meshed  shear-net 
and  the  much  smaller  ordinary  tow-net  made  of  fine- 
meshed  silk,  we  tied  a  tow-net  to  the  frame  of  the  shear- 
net  so  that  the  two  would  work  together  side  by  side,  and 
we  show  here  in  Form  105  the  results  of  two  such  double 
hauls. 

In  the  first  place,  it  will  be  noticed  that  the  shear-net 
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47.  -^ne  mile  W.  of  Bradda  Head,  April  23rd,  1907. 
Shear*  =  Calf  Island  to  Bradda. 


Net  used     Surface        Surface         Shear       Shear* 

Depth  in  fathoms 0  0  10  10 

Catch  in  ccm 12-6  13  76*5  78 


Biddulphia  mobiliensis    —  600  —  — 

Coscinodiscus  concinnus  500  500  —  — 

Peridinium  sp 600  1»000  —  — 

Pleurobrachia  pileus     —  —  4  — 

Medusoid  gonophores   10  100  4.500  240 

Sagitta  bipunctata    —  2  200  400 

Tomoptens  onisciformi^  —  —  —  'A 

Larval  Polychaeta    50  60  440  — 

*Mitraria' 100  100  —  — 

Crabzoea   V)  3  280  1,600 

Mysis  stage  of  Crangon    5  8  1,800  1,900 

Nephrops,  Ist  stage      1  —  1,600  600 

Evadne  nordmanni  100  50  —  — 

Calanus  helgolandicus  1,600  1,260  4.000  13,480 

Pseudocalanus  elongatus     ...  300  200  480  240 

Temora  longicomis  260  300  560  2.300 

Centropages  hamatus   50  100  40  — 

Anomalocera  pattersoni  10  100  40  60 

Acartia  clausi 8,000  6,200  120  1,000 

Oithona  similis  2,360  2,200  40  — 

Metridia  lucens —  —  20  3 

Candacia  armata  —  —  2  — 

Copepod  nauplii     8,500  11.600  —  — 

juv 2,000  2,000  —  — 

Barnacle  nauplii    —  —  1,000  360 

cypris  stage   43  280  10  — 

Oikopleurasp 700  1,000  1,000  — 

^Iflh  eggs : — 

Rockling     12  17  36  60 

Whiting 4  16  32  16 

Cod 2  4  18  8 

Green  Cod 3  8  10  10 

Bib 3  9  37  20 

Grey  Gurnard    —  —  8  4 

Dragonet    4  2  10  6 

Haddock     —  —  4  3 

Top-knot    —  —  8  — 

Dab     3  13  2 

Sprat  2  4  6  6 

Young  fishes : — 

Gadoid    —  —  30  70 

Larval  Gadoid   —  —  —  7 

Sand-eel —  —  —  1 

Post-larval  Agonus  —  —  —  1 
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105.— Mid-Channel,  September  12th,  1907. 


»» 

»» 


Net  used     Shear  A    Tow-net  A    Shear  B    Tow-net  B 

Depth  in  fathoms 10  10  20  20 

Catch  in  com 186  11  13*5  2 


Biddulphia  mobiliensis     —  —  —  130 

Chaetoceros  contortum    —  —  —  1,250 

debile    _  __  _  3,700 

decipiens  —  3,000  20  3,500 

sociale   —  —  —  750 

teres —  7,500  —  23,000 

convolutum —  —  —  1,300 

densum     —  2,000  —  1,600 

diversum  —  —  —  400 

subtile  —  13,500  —  5,000 

Coscinodiscus  concinnus  —  500  —  600 

„             radiatus     —  4,500  —  4,000 

Ditylium  brightwellii    —  —  —  120 

Eucampia  zodiacus  —  500  —  130 

Rhizosolenia  semispina    —  80,000  500  165,000 

shnibsolei   —  500  50  625 

alata    _  _  _  3,400 

stolterfothii    ...  —  500  —  1,600 

setigera   —  250  —  — 

Lauderia  borealis  —  600  —  1.000 

Leptocylindms  danicus    —  —  —  600 

Asterionella  japonica    —  —  —  120 

Ceratium  fusus     —  500  50  250 

tripos 10  5,000  50  3,000 

Peridiniumsp —  500  —  120 

Trochiflciasp —  100  20  — 

Medusoid  gonophores           ...  45  1  55  3 

Sagitta  bipunctata    200  5  135  1 

Larval  Polychaeta    25  1,500  —  260 

*Mitraria' —  2,000  —  120 

Crab  zoca   2  1  —  — 

Mysis  stage  of  Crangon    2  —  —  1 

Microniscus  calani     70  —  10  — 

Calanus  helgolandicus  2,600  110  275  20 

Pseudocalanus  elongatu8     ...  300  33.600  285  6,250 

Temora  longicomis 10  —  2  1 

Centropages  hamatus   6  5  3  2 

Acartia  clausi 350  3,640  450  200 

Oithona  simUis 60  2,840  65  1,200 

Microcalanus  pusillus    10  200  10  2,500 

Paracalanus  parvus —  100  20  160 

Copepod  nauplii    30  24,000  75  — 

juv 60  12,500  275  — 

Gasteropods,  larval  10  1,000  —  600 

Lamellibranchs,     —  1,000  —  370 

Oikopleurasp 25  1,000  50  140 

Ascidianeggs     25  1,500  26  600 
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A  and  its  tow-net  at  about  10  fathoms  caught  nearly 
twice  as  much  material  as  the  same  two  nets  (B)  worked 
at  about  20  fathoms. 

The  further  point  is  that  in  each  case  the  tow-net 
retained  the  Diatoms,  the  Dinofla«^ellates,  the  minute 
larval  forms  and  the  smaller  Copepoda  which  had  escaped 
the  shear-net,  while  the  latter  caught  more  of  the  larger 
organisms,  such  as  Medusae,  Sagitta,  Microniscus,  and  the 
large  Copepod  C alarms.  The  number  of  organisms  in  the 
tow-net  in  each  case  is  enormously  greater,  but  those  in 
the  shear-net  bulk  larger  on  account  of  their  individual 
size. 

Taking  the  last  item  on  the  lists  as  an  example,  the 
obvious  explanation  of  the  numbers  would  be  that  there 
were  more  Ascidian  eggs  at  10  fathoms  than  at  20,  and 
therefore  tow-net  A  caught  more  than  tow-net  B ;  no 
doubt  both  shear-nets  being  so  much  larger  caught  still 
more,  but  the  majority  of  the  eggs  passed  through  the 
wide  meshes,  and  only  a  very  few  (25)  were  retained 
accidentally  in  each  case,  probably  through  being 
entangled  in  the  appendages  of  larger  Crustacea  or 
through  the  blocking  up  of  some  of  the  meshes. 

The  Surface  Nets. 

The  two  ordinary  open  tow-nets  with  a  mouth 
diameter  of  14^  inches,  and  made  of  silk  Xo.  9,  with 
94  threads  to  the  inch,  were  towed  side  by  side  on  the 
surface  of  the  sea  about  50  feet  behind  the  ship  for  fifteen 
minutes  on  each  occasion.  In  the  great  majority  of  cases 
it  may  be  certain  that  their  catch  was  limited  to  tho  upper 
two  feet  of  the  sea ;  and  vet  notwithstandincr  the 
uniformity  of  the  conditions  the  results  were  in  ma^^y 
cases  very  different.  The  following  list  shows  the  bulk  of 
the  catches  on  the  various  occasions  when  the  two  nets  were 
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used  together,  and  although  some  show  identical  results, 
as  on  April  15th,  19th,  22nd,  August  21st,  24th,  27th, 
September  6th  and  20th,  and  in  other  cases  amounts 
which  are  very  nearly  the  same,  such  as  16  c.e.  and 
15*5  c.c.  on  April  13th  and  April  19th,  9  c.c.  and  9'5  c.c. 
on  April  16th,  10*5  and  11  c.c.  on  September  12th,  &c. ; 
still  other  cases  are  very  different,  such  as  14  and  1, 
8  and  2*5,  17  and  42*5,  1*5  and  7  c.c.  respectively. 


April 


Xet  B 

Net  C 

1—  8  c.c. 

...     25  c.c 

2—17 

...     42-5 

4—14 

...       1 

5—  9 

...     12 

8—20 

...     12 

9       8 

...       2-5 

9—  9 

...     11-5 

10—12 

...     18-6 

10—  7 

...       8-5 

11      16-5 

...     10 

11      11-5 

...     15 

13—23-5 

...      16 

13—16 

...     15-5 

13_20-5 

...     24 

15—11 

5 

15—10 

...     10 

16     12-5 

...       6-5 

16—  9 

...       9-5 

18—  8 

...     13-5 

18—23-5 

...     17-5 

19—18 

...     18 

19     15-5 

...     16 

22—11 

...       Wo 

22—  9-5 

...       9-5 

23     12-5 

...     13 

23—  9 

...      11 

23       8-5 

6-5 

24—20-5 

...      15-5 

24       7 

...      15 

25       5-5 

...       4-5 

25       2-5 

...       3-5 

25—  8 

...       7-5 

26       6-5 

...       9 

26       4 

...       4-5 

27       6 

...        o 

27       3-5 

...      11-6 

27—  7 

...      13 

Net  B 


Aug. 


Sept. 


21— 

21— 

23—  9 

23—  4-5 

23— 

24— 

24— 

26— 

27— 

28— 

28— 

28— 


1*5  CO.... 

•>  ... 


5 

2 

2 

1 

1 

3 

1-5 

1 


29—  4-6 


2— 
3— 
3— 


2-2 

2 

2-5 

2 

2 

1-6 

0-3 

0-7 

1-5 

1 

8-5 

1-2 

2 

1-7 

6 


4— 

6— 

6— 

6— 

6— 

6— 

9— 
lo- 
ll— 
11— 
11— 
12—10-5 
13—  3-2 

16—  7-6 

17—  1-5 
18—12-5 

18—  2-6 

19—  2 
20— 
20— 
20— 
20— 


4 

5 

2-5 

2-5 


NetC 

7 

3 

6-5 
4 
2 

1-5 
2 
2 
1 

4 
3 
2 
3 
1 

1-5 
1-5 
2-6 
3-2 
0-6 
0-6 
0-2 
1-5 
0-7 
4 

1-6 
1-7 
2 

3-3 
U 
4 

2*5 
3 

13-6 
4-6 
2-5 
6 
5 
5 
3 


Even     when     the     results     are     very     much     alike 
quantitatively  they  may  be  very  different  qualitatively. 
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45.— Along  N.  shore  of  Calf  Island,  April  22nd,  1907. 

Net  used     Surface    Surface     Hensen    Nansen    Weight    Shear 

Depth  in  fathoms     0  0  10-5  10-6  5  5 

Catch  in  c.cm 95  95  15  1  195  52 


Biddulphia  mobiliensis     ...  100 

Chaetoceros  contortum    ...  — 

Coscinodiscus  concinnuR  ...  100 

Lauderia  borealis — 

Ceratium  furca  — 

„        fusus   100 

„         tnpos  100 

Peridinium  sp 200 

Pleurobrachia  pileus     — 

Medusoid  gonophores  50 

Sagitta  bipunctata    — 

Autolytus  prolifer     — 

Tomopteris  onisciformis  ...  — 

Larval  Polychaeta    150 

*Mitraria' 50 

Crab  zoea   4 

Mysis  stage  of  Crangon   ...  3 

Nephrops,  Ist  stage — 

„         2nd  stage     — 

Podon  intermedium 50 

Evadne  nordmanni  50 

Calanus  hcigolandicus 600 

Pseudocaianus  eiongatus  400 

Temora  longioomis  500 

Centropages  hamatus  100 

Anomalocera  pattersoni  ...  — 

Acartia  clausi    2,200 

Oithona  simiiis 1,100 

Anomalocera  juv 50 

Metridla  iucens — 

Copepod  nauplii 5,000 

juv 4,000 

Barnacle  nauplii   150 

„          cypris  stage     ...  24 

Oikopleura  sp 750 

Fish  eggs :  Rockling 19 

Whiting 3 

Grey  Gurnard    — 

Red  Gurnard     — 

Cod — 

Green  Cod 2 

Haddock     — 

Com.  Dragonet 4 

Spotted  Dragonet     ...  1 

Brill"*;!;!!!!;!!!!!!!!;!;;!  — 

Topknot — 

Dab 1 

Young  fishes :  Sand-eels  ...  — 

Gadoid    — 

Pleuronectid  — 

Butterfish  — 


100 

50 

— 

— 

50 

50 

— 

100 

50 
20 
50 

85 

750 

— 

25 

100 

30 

— 

500 

100 

— 

50 

500 

— 

200 

♦K) 

100 

500 

6 
2.600 

150 

8 

4 

550 

— 

I 

50 
2 

200 

150 

5 

4 

1 
150 

2 

900 

50 

— 

100 

2 

— 

45 

120 

2 

40 

800 



8 

100 
1 

50 

100 

1 

100 

5 

200 

— 

600 

15 

20 

1,000 

4,600 

350 

50 

20 

2,000 

300 

550 

45 

50 

2.100 

950 

50 

2 

— 

40 

3 

80 

1,450 

55 

75 

1,400 

160 

1,550 

15 

15 

2,000 

— 

50 

50 

— 

25 

5,000 

2,500 

3,000 

6,000 

— 

3,250 

100 

100 

6,000 

100 

5 

6 

300 

600 

16 

3 

3 

100 

3 

750 

35 

25 

1,750 

280 

23 

— 

2 

25 

100 

1 

— 

■ 

3 

36 
10 
6 
33 
31 

2 

1 

—— 

— 

10 

I 

— 

3 

15 

2 

30 
o 

4 

3 

10 

1 

^— 

— 

2 

2 

— 

5 

— 

10 

40 
1 

_^^ 

^^^ 

_^^ 

3 
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and  it  is  by  no  means  always  the  two  hauls  that  are  most 
alike  in  bulk  that  agree  best  in  the  kind  and  number  of 
organisms. 

On  reflection,  it  will  probably  be  agreed  that  it  is 
unlikely  that,  with  the  large,  varied  and  irregularly 
scattered  population  that  we  find  the  sea  to  contain,  two 
nets  should  often  catch  the  same  quantities  of  the  same 
sets  of  organisms.  Consequently  a  result  like  that 
obtained  on  April  22nd  (Form  45),  where  the  two  nets 
caught  precisely  the  same  amounts,  and  where  the  lists  of 
organisms  constituting  the  hauls  are  almost  exactly  alike 
both  in  kinds  and  numbers,  is  interesting.  It  will  be 
noticed  how  different  the  catch  of  the  weighted  net 
(exactly  similar  to  B  and  C  but  ranging  through  a  lower 
level  of  water)  was  on  this  occasion.  The  shear-net  being 
of  much  larger  size  and  having  a  much  coarser  mesh 
naturally  gave  very  different  results.  It  is  not  comparable 
with  any  of  the  other  nets. 

As  an  example  of  a  case  where  two  similar  nets, 
hauled  side  by  side  on  the  same  occasion,  gave  very  nearly 
the  same  amount  of  material,  but  where  the  kinds  and 
numbers  of  organisms  present  in  the  catch  when  examined 
were  found  to  be  very  different,  I  give  the  following  lists 
of  the  contents*  of  the  two  surface  nets  after  a  15-minute8 
haul  on  April  13th,  1907,  at  Station  III.  The  one  net 
contained  16  c.c.  and  the  other  15'5  c.c,  but  these  amounts 
were  made  up  very  differently  in  the  two  cases.  For 
example,  it  will  be  seen  that  in  the  net  C  there  were  no 
Balanus  nauplii  and  no  immature  Copepoda,  while 
thousands  of  both  were  present  in  B.  Then,  again,  in  B 
there  were  very  few  adult  Temora,  while  in  C  practically 
all  the  Temora  were  adult.       The  lists  will  show  other 

*  Only  omitting  those  organisms  of  which  fewer  than  ten  individuals 

were  obtained. 
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points  of  difference.  We  may  add  that  in  the  haul  of  the 
shear-net,  taken  at  the  same  place  and  time,  there  were 
l,-380  larvae  of  Pectinarui  in  tubes  along  with  5,400 
Balanus  nauplii,  and  many  other  organisms. 


Net  B-  16  c.cm.        Net  C=  155  c.cm. 

Larval  Polychaeta    (150  ...  0 

Balanus  nauplii 3,000  ...  0 

cypris  stage   50  ...  0 

Copepoda  nauplii  7.000  ...  2.000 

juv 13.000  ...  0 

Calanus  helgolandicus      100  ...  6 

Pseudocalanus  elongatus     850  . . .  500 

Temora  longicomis  2,470  ...  4,750 

Oithona  similis 100  ...  50 

Acartia  clausi     250  ...  200 

Centropages  hamatus  0  ...  200 

Coscinodisous  concinnus  8,000  ...  1 4,000 

Biddulphia  mobiliensis 40,000  . . .  70.000 

Rhizosolenia  semispina    1,000  ...  3,000 

Lauderia  borealis 1,000  ...  0 

Thalassiosira  nordenskioldii    ...  2,000  ...  7,000 

subtilis    6,000  ...  0 

Chaetoceros  teres 0  ...  1,000 

Peridiniiun  sp 500  ...  0 

Plutei 600  ...  1,000 

Oikopleura  sp 2,000  ...  160 

Medusoids  50  ...  26 

Sagitta  bipunctata    0  ...  48 

Crab  zoeas 0  ...  10 


This  shows  very  clearly  that  the  two  gatherings, 
although  alike  in  quantity,  were  unlike  in  quality. 

Another  example  (Form  41)  is  given  here  from  April 
19th,  where  the  catch  in  each  case  was  ISc.c,  but  the 
amount  is  made  up  in  very  different  ways.  Out  of  a  total 
of  38  organisms  in  the  two  surface  nets  there  are  nine 
which  are  absent  from  one  or  the  other  net.  Of  those 
present  in  both  the  numbers  differ  notably  in  a  few  cases, 
such  as  1,000:4,000;  1,000:3,000:  and  500:3,000:  in 
other  cases  again,  such  as  '*  Mitraria  '*  and  Copepod 
nauplii,  the  numbers  agree  exactly.  It  will  be  noticed  that 
the  Nansen  net  caught  more  than  the  Hensen-both  fishing 
through  the  lower  half  of  the  water  (20  to  10  fathoms) — 
and  that  the  weighted  net,   ranging  through   the  upper 
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41.— Off-shore  Station  I,  April  19th.  1907. 


Net  used     I 

Depth  in  fathoms     0 

Catch  in  c.cm 18 

Biddulphia  mobiliensis 1,000 

Chaetoceros  contortum    — 

decipiena — 

Kociale  — 

Co8cinodiscu8  eoncinnu8  1,000 

Ditylium  brightwellii    — 

Eucampia  zocliacus  — 

RhizoRolenia  semispina    — 

shnibsolei   — 

Thalassiottira  nordenskioldii  — 

Laiideria  boreaHs — 

Leptocylindrus  danicus    — 

Ceratium  furca — 

fusuB     — 

tripoR    — 

Peridinium  sp 500 

Nfedusoid  gonophores  150 

Sagitta  bipunctata    1 

larval  Polychaeta    110 

'Mitraria' 350 

Crab  zoea   1 

Mysis  stage  of  Crangon   — 

Nephrops,  Ist  stage — 

Podon  intermedium — 

Evadne  nordmanni  50 

Calanus  helgolandicus 600 

Pseudocalanus  elongatus     ...  700 

Temora  longicornis  700 

Centre  pages  hamatus  400 

Acartia  clausi     3,000 

Oithona  similis 1,700 

Anomalocera  juv 100 

Copepod  nauplii 3,000 

metanaupHi    200 

juv 3,000 

Barnacle  nauplii    120 

„         cypris  stage    12 

Oikopleura  sp 900 

Fish  eggs  :  Rockling    5 

Whiting  9 

Cod 3 

Green  Cod 4 

Bib  9 

Common  Dragonet   1 

Haddock     1 

Grey  Gurnard    — 

Topknot — 

Dab     4 

Sprat  2 

Young  fishes:  Gadoid — 

&nd-eel — 


IT 

Henaen 

Nansen 

Weight 

0 

20-10 

2010 

10-0 

18 

2 

8 

29 

4,000 

170 

700 

3,000 

1,000 

17.000 

36,000 

500 

2,000 

— 

1,500 

1,000 

— . 

3,000 

170 

700 

600 

100 

500 

—— 

— 

500 

250 

100 

3,000 

— . 

— 

2,000 

11,000 

40,000 

140.000 

3,000 

100 

8,000 

8,000 

— 

1,000 

4,000 

— 

— 

— 

700 

— 

500 

500 

_ 

500 

-— 

1,000 

3,000 

1.500 

1,000 

2,500 

115 

10 

125 

100 

3 

5 

32 

40 

75 

4 

8 

20 

350 

— — 

— . 

200 

1 

2 

10 

_ 

3 

40 

104 

2 

10 

34 

75 

5 

— — 

_— 

330 

10 

— 

50 

900 

5 

125 

1,000 

300 

85 

1,300 

3,800 

225 

40 

550 

3,000 

230 

5 

50 

26 

2,000 

45 

220 

1,250 
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half  of  the  water,  caught  as  usual  more  than  either  the 
deep  or  the  surface  nets.  We  have  much  evidence  of  this 
kind  that  the  most  populous  zone  in  the  sea  is  below  the 
surface  but  above  ten  fathoms. 

We  print  also  Form  42  for  comparison  with  Form  45. 
The  hauls  were  taken  only  three  days  apart  but  at 
different  localities,  Form  45  rei)resenting  the  along-shore 
station  IV,  while  Form  42  records  a  haul  from  off-shore 
station  II,  nearly  ten  miles  off.  In  42,  although  the 
amounts  in  the  two  surface  nets  are  nearly  the  same,  15*5 
and  16  c.c,  still  the  quantities  of  the  various  organisms 
present  differ  considerably  in  the  two  cases.  Of  some 
few  (e.g.  Podon  and  Evadne)  the  numbers  are  alike,  but 
with  other  organisms  {IJidduiphia  and  Coseinodiscus) 
twice  as  manv  are  in  the  one  net  as  in  the  other :  some 
Copepoda  show  like  numbers,  others  are  in  the  proportion 
of  nearlv  ten  to  one.  The  Xansen  net  here,  as  usual, 
catches  more  than  the  Hensen,  and  the  weighted  net  with 
its  deeper  range  more  than  the  otherwise  similar  surface 
nets.  It  will  be  noticed  that  the  shear-net  ffot  relatively 
large  numbers  of  the  larger  organisms,  Plevrohrnchia, 
Medusae,  Sagitta,  and  the  larger  larvae. 

Form  42  is  of  interest  also  when  compared  with  41, 
representing  off-shore  station  I,  at  practically  the  same 
time  (within  an  hour).  Thev  are  clearly  similar  hauls 
having  the  same  general  faciei  although  all  the  numbers 
differ  in  detail. 

The  marked  difference  of  45  (the  later  date,  April 
22nd)  to  both  41  and  42  (April  19th)  in  the  proportion  of 
Diatoms  to  Copepoda  present  is  noteworthy.  A  glance 
at  the  lists  shows  the  disproportion,  and  tlic  total 
numbers  are :  — 

Form  41:    Diatoms,  300,000;    Copepoda,  22,985 
„      42:  „  458,000;  „  20,218 

„      45:         „  1,450;  „  24,620 
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42.— Off-shore  Station  II,  April  19th,  1907. 

Not  lined     Surface  Surface  Hetisen  Nannen  Weight  Sheur 

nppth  in  tathoniH     0  0  20-10  20-10  10-0  7 

Catch  in  c.cm Iflfl  IR  35  75  235  26 

BiddiilphU  mobiUensLs 1.500  3,000  —  700  2.000  — 

ChaetoceroB  contortum     ...  —  —  27,000  57.000  2,000 

dccipiens  —  —  1,000  2.000  —  — 

nocialc-  —  —  2.000  4.000  —  — 

Codclnodiriciiscnncmitiio  1.600  3,500  300  700  3,fiOO  — 

Pitviiiim  brighlwcllii    _  _  600  1.000  —  — 

Eiit'nmpia  zojliscna   —  —  600  1,000  —  — 

RhiEOBolenia  semispina    ..,500  —  800  3,000  SOO  — 

abruhsolei  ...  —  —  1,500  —  —  — 

Thalassioaira  gravida   —  .      —  4,500  1,000  —  — 

nordonskioldii  4,000  5.500  60,000170,000  46.000  — 

Leptocjlindnis  danicun   -..  —  —  4.000  3.000  600  — 

Lauderia  borealia —  —  10.000  10.000  —  — 

Rhizooolenia  fltoltcrfotbii...  _  _  _  1.000  —  — 

Oratium  fiirca —  1,000  2.500  1.000  500  — 

fuBus     —  500  —  —  600  — 

tripos    250  1,.W0  600  1,000  —  — 

Pcridiniumap.   250  3.000  3.500  6,000  2,000  — 

Plcutobtachia  pileiia     —  —  —  —  1  II 

Medusoid  g»nophi»«fl       ...  150  110  IS  60  350  1,100 

Sagitta  bipiinctata    2  1  —  3  23  310 

Larval  PolychaeW    6  S  —  5  10  230 

Crabroca       _  _  —  I  6  7 

^fvsi^  sUgp  i>!  (Vnngon    ...  1  —  6  12  30  146 

Si;|ihro|w  lal  slags  —  —  —  2  4  16 

Podon  intermedium 40  40  8  5  20  — 

Evadne  nordraanni  75  76  10  15  260  — 

f-alanuf.  helRoUiidicus 750  970  30  76  480  300 

pBCiidocalamiB  ylongatiiB  1,000  187  30  400  2,000  187 

Temora  longicomiB       1,100  150  60  160  1.000  670 

CentropagM  hamntiw  IBO  112  10  5  60  20 

Anomaloeera  patterwui!   ...  80  37  10  —  80  10 

Acartia  claiisi    3,000  3,000  76  160  1,700  76 

Oithona  sinjiHs 600  500  26  30  1,350  — 

AnDmalorera  iuv  260  75  26  —  —  — 

Copepod  nauplii 4.500  8.0O0  4,000  7,000  laOOO  — 

„      iuv 6,600  8,000  560  1,250  9,600  — 

Barnacle  nauplii  40  40  15  46  100  800 

cypria  stage     ...  10  8  2  3  6  — 

Oikopleura  sp,   800  1,200  76  160  1,000  1,260 

Piah  egna :  Rockling 2  —  —  —  —  4 

Whiting 12  6  —  —  3  6 

Cod 4  2  —  I  —  — 

Grey  Gurnard    3  4  —  —  I  2 

Com,  Dragonet 3  I  —  —  1  2 

ffib 14  3  —  I  9  2 

Haddock     3  1  —  —  I  — 

Topknot _  1  _  _  1  2 

D«b     6  1  —  I  —  — 

Spmt  2  2  —  —  ~  5 


Young  n, 
0*di 


:  PlaiM   . 
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The  Copepoda  are  remaining  fairly  constant,  while 
the  Diatoms,  having  passed  their  spring  maximum,  are 
falling  off  rapidly. 

On  Forms  16,  19,  we  give  the  i-esults  of  hauls  taken 
on  the  along-shore  station  III,  off  the  Slock,  on  two 
adjoining  days,  April  9th  and  10th.  The  two  surface 
hauls  are  very  unlike  in  quantity,  although  practically 
the  same  series  of  organisms  is  represented.  Such 
numbers  as  ;]7,000  to  1,500 ;  4,000  to  250 :  and  19,000  to 
550  indicate  a  considerable  disproportion.  The  surface 
plankton,  then,  if  we  may  judge  from  these  two  samples, 
had  fallen  on  April  10th  to  less  than  half  what  it  had 
been  on  the  previous  day.  But  if  we  compare  the  two 
hauls  taken  on  April  10th,  we  find  that  the  second  net 
towed  simultaneouvslv  with  the  first,  but  at  about  a  fathom 
below  the  surface,  vielded  a  much  more  abundant 
gathering.  On  looking  into  the  details  one  finds  that  all 
the  Diatoms  and  Ceratium  tripoa  are  more  numerous  in 
the  deeper  haul,  while  the  larger  organisms — Medusae, 
Larvae,  Copepoda,  and  Oikopleura — are  more  abundant 
on  the  surface.  Some  of  the  Diatoms  showed  a  great 
increase  below  the  surface,  the  extreme  case  being 
Chaetoceros  eoiitortuni  with  120,000  at  one  fathom  to  1,500 
at  the  surface. 

On  the  other  hand  during  the  later  summer  we  met 
with  cases  where  the  Copepoda  and  other  larger  organisms 
were  much  more  abundant  in  u  zone  below  the  surface. 
Here  is  an  example  (Form  84)  from  off-shore  station  II,  on 
August  27,  where  the  weighted  net  brought  up  7*5  c.c. 
as  against  1  c.c.  in  each  of  the  surface  nets  all  three  nets 
beiner  alike  and  used  simultaneouslv.  The  n'lativelv 
large  numbers  of  Acnrfia,  Pseudocalanus,  and  Copepod 
Xauplii  will  be  noticed.  The  two  surface  nets  on  this 
occasion    yielded    identical    quantities,    but    the    detailed 
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16,  19.--Three  miles  off  Slock. 


(16)  April  9th     (19)  April  10th 

Depth  in  fathoms     0  0  1 

Catch  in  c.cm 33  13  20 

Biddulphia  mobiliensis 11,000  8,000  12,000 

Chaetoceros  contortum    37,000  1,600  120,000 

decipiens 4.000  250  8,000 

„             teres    —  —  500 

Coacinodiscus  coneinnus  7,000  3,500  5,(X)0 

Rhizosolenia  semispina    —  150  300 

Thalassiosira  nordenskioldii    ...  21,000  1,500  78,000 

subtilis    —  500  3,000 

Lauderia  boreaUs —  —  5,(XX) 

Ceratium  fiisus —  —  200 

tripos    1,000  100  1,000 

Peridiniumsp 1,000  100  — 

Medusoid  gonophores  —  75  90 

Sagitta  bipunctata    11  —  — 

Mitrarla' —  260  100 

Crab  zoea   30  —  — 

Mysis  stage  of  Crangon   2  —  — 

larval  Nephrops,  1st  stage     ...  4  —  — 

Podon  intermedium —  20  — 

Evadne  nordmanni  500  —  — 

Calanus  helgolandicus 50  100  60 

Pseudocalanus  elongatus     16,000  2,200  1,000 

Temora  longicornis    19,000  660  220 

Centropages  hamatus 600  30  15 

Acartia  clausi    1,000  186  76 

Oithona  simiHs —  90  75 

Anomalocera  juv 200  20  15 

Copepod  nauplii    8,000  5,000    '       4,000 

juv 6,000  2,260  900 

Barnacle  nauplii    —  826  560 

„          cypris  stage  6  10  8 

Oikopleura  sp 100  2,000  1,000 

Fish  eggs — 

Rockling     2  2  3 

Grey  Gurnard    12  —  — 

Common  Dragonet   13  3  3 

Spotted  Dragonet —  1  — 

Bib  26  2  2 

Red  Gurnard —  1  — 

Whiting  132  4  3 

Sail  Fluke  —  1  — 

Dab     14  2  — 

Long  Rough  Dab 1  —  — 

Cod 55  1  — 

Green  CJod  26  —  — 

Topknot —  —  1 

Haddock     22  —  — 

Plaice      1  —  — 

Sprat   23  —  — 
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figures  for  the  species  are  in  nearly  every  case  different, 
although,  as  we  have  pointed  out  in  other  examples,  they 
are  of  the  same  "order." 

84.— Train  Bank,  August  27th. 

Depth  in  fathoms     0  0       Weight 

Catch  in  com I  1  7^ 

Chaetoceros  teres  

Coscinodiscus  concinnus  

Coscinodiscus  radiatiis     

Ceratium  fusus 

„        tripos 

Trochiscia  sp 

Sagitta  bipunctata    

Crab  zoea   

My  sis  stage  of  Crangon    

Calanus  helgolandicus 

Pseudocalanus  elongatus     

Temora  longicornis   

Centro pages  hamatiis  

Anomalocera  pattersoni  

Acartia  claiisi     

Oithona  similis 

Isias  clavipes     

Parapontella  bre vicomis 

Paracalaniis  parvus  

Copepod  nauplii 

j"v 

Oasteropods,  larval  

Fish  eggs — Rockl i  ng 

Ascidian  eggs     


Comparison  of  Deep  and  Surface  Hauls. 

We  have  shown  in  the  previous  section  that  in  some 
cases  (April)  the  surface  ^gatherings  contain  more 
Copepoda  and  larval  forms,  and  in  others  (August)  these 
larger  organisms  are  more  abundant  in  deeper  zones  (see 
Forms  19  and  84).  When  a  comparison  is  made  between 
the  three  similar  open  tow-nets  which  were  worked 
together  for  15  minutes  a.t  a  time — two,  at  or  close  to,  the 
surface  (0  fathoms)  and  the  other  weighted  so  that  it  was 
lowered  to  a  depth  of  about  ten  fathoms,  and  gradually 
rose,  as  the  boat  went   slowly   ahead,   to   a  depth   of   a 
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fathom  or  two  below  the  surface — it  is  almost  invariably 
found  that  the  weighted  net,  with  its  wider  range  through 
the  deeper  layers  of  waters,  gave  a  larger,  and  sometimes 
a  murh  larger,  quantity  of  organisms.  The  only 
exceptions  to  this  rule  are  on  some  occasions,  in  April, 
when  the  sea  was  full  of  Diatoms  and  the  surface  nets 
gave  very  large  hauls,  equal  to  or  even  exceeding  the 
deeper  ones.  But  even  during  the  Diatom  maximum  in 
April  some  days  showed  more  in  the  weighted  than  in  the 
surface  nets.  For  example,  on  April  10th,  at  along-shore 
station  III  (Form  22),  the  surface  gave  11*5  and  the  net 
at  one  fathom  19*5  c.c,  and  the  total  Diatoms  were  27,000 
in  the  former  and  188,000  in  the  latter  (see  also  Form  19, 
same  date,  above). 

Such  numbers  as  18,  18,  29 ;  3,  3,  65  ;  15*5,  16,  23*5 ; 
9-5,  9-5,  19-5 ;  and  9,  11,  18  are  frequent.  On  April  25th, 
the  numbers  are  5*5,  4'5  at  the  surface  and  20  in  the 
deej)er  net.  Tn  some  cases  the  difference  is  even  more 
marked,  as,  for  example,  on  August  24th,  at  off-shore 
station  II,  when  the  surface  nets  gave  respectively  2  and 
1*5  c.c,  while  the  weighted  net  gave  16  c.c.  The  increase 
in  this  case  was  due  to  Copepoda  being  more  abundant  in 
the  lower  zone,  especially  Acartia  clnusi  (23,000),  Oithona 
simi/is  (1,500),  and  Copepod  nauplii  (70,000).  Other 
similar  results  were  obtained  at  the  same  locality  on 
neighbouring  days. 

Here  is  a  haul  (Form  38)  ten  miles  off  shore,  in  April, 
where  the  two  surface  nets  gave  very  different  results  and 
the  weighted  net  did  not  exceed  them  in  quantity.  The 
bulk  of  the  catch  in  all  three  nets  was  Copepoda  both 
young  and  old.  Oihopleura  is  rather  evenly  distributed 
in  these  nets,  there  being  roughly  3,000  in  each.  The 
shear-net  haul  was  taken  on  the  way  in,  half-way  between 
the  Calf  Island  and  Port  Erin,  and  shows  an  extraordinary 
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38.— Off-shore  Station  II,  April  18th,  1907. 

Net  used     Surface  Surface  Hensen  Nansen  Weight  Shear 

Depth  in  fathoms     0  0  20-10  20-10  10-0  7 

Catch  in  ccm 235  175  55  95  175  27*5 

Biddulphia  mobiliensis 750  2.250  500  250  2.500  1.000 

Chaetoceros  contortum    ...  —  250  36,000  63,000  500  250 

debUe ______  2,000  --  — 

decipiens —  —  2,500  4.000  —  — 

sociale     —  —  1,500  2,000  —  — 

CosoinodiscuB  concinnus  ...  1,750  2,750  200  250  1,100  200 

Ditylium  brightwellii    —  —  500  —  —  — 

Eucampia  zodiacus  —  —  1.000  —  —  — 

Lauderia  borealis —  —  5,000  14,000  500  — 

Rhizosolenia  shrubsolei    ...  250  250  2,000  2.000  500  — 

„           stolterfothii...  —  —  1,000  2,000  —  — 

Thalaaaosira  gravida    —  —  500  1,000  —  — - 

nordenskioldii  2.000  4,500  65,000  134,000  8,500  500 

Leptocylindrus  danicus    ...  —  —  4.000  3,000  250  — 

Ceratium  furca —  —  1,000  500  —  — 

fusus     250  250  —  500  1,500  — 

tripos    500  750  —  —  1,000  — 

Peridinium  sp —  2,250  500  6,000  750  — 

Acanthometra  sp —  —  —  100  50  — 

Medusoidgonophores  200  250  10  120  300  1,800 

Plutei  of  Echinoderms     ...  200  200  —  —  —  — 

Sagitto  bipunctata    12  —  1  0  27  123 

Autolytus  prolifer     —  —  —  —  —  1 

Larval  Polychaeta    60  50  —  20  20  250 

*Mitraria* 400  250  —  —  500  — 

Crab  zoea   20  —  —  —  8  16 

Mysis  stage  of  Crangon   ...  2  —  2  10  37  72 

Nephrops  first  stage —  —  —  4  4  11 

Podon  intermedium 150  150  —  —  —  — 

Evadne  nordmanni  100  100  —  —  150  50 

Calanus  helgolandicus 1,600  600  10  120  1.200  850 

Pseudocalanus  elongatus  200  150  100  770  1,600  500 

Temora  longicomis  300  200  30  150  2,300  750 

Centropages  hamatus  100  100  —  —  —  50 

Anomalocera  pattersoni  ...  500  400  5  —  —  — 

Acartia  clausi    2,600  2.400  40  125  1,(K)0  50 

Oithona  sirailis  400  300  5  50  150  — 

Copepod  nauplii 250  4,500  4,000  —  7,000  250 

juv 2,000  3.000  100  18.000  4,000  150 

Barnacle  nauplii    30  25  10  75  75  650 

„       cypris  stage    2  —  1  —  —  6 

Oikopleura  sp 3.300  2,750  140  500  3,300  750 

Fish  eggs: — Rockling  ...  6  1  —  —  —  9 

Common  Dragonet   ...  10  2  —  —  4  7 

Topknot 1  3  —  —  —  — 

Bib  9  8  112  5 

Whiting  13  12  —  —  11  3 

Cod 8  1  —  _  _  1 

Green  Cod 13—224 

Haddock     1  4  —  —  —  — 

GiuTiard —  1  —  —  2  — 

Dab     —  5  —  —  —  — 

Sprat  —  1  __  _  _.  2 

Spotted  Dragonet —  —  —  —  —  1 

Young  fishes:  Gadoid —  —  1  1  2  10 

C7upeoids    —  —  —  —  —  10 
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number   of   Mediisoida.    most   of   which    were    Hyhoeodon 
"prolifer. 

Form  87  shows  a  set  of  hauls  at  the  end  of  August 

on   Station  V  inside  the  Wart  Bank.     One  remarkable 

87.—  Station  Y,  August  29th. 

Net  used       Surface     Surface      Hensen    Nansen    Weight 

Depth  in  fathoms     0                0           14-7           14-7           10-0 

Catch  in  c.cm 4*5                3               '3               -7              30 

Biddulphia  mobiliensis  700 

Chaetoceros  contortum  — 

„            decipiens — 

Coscinodiscus  radiatus  — 

concinnus   — 

Rhizosolenia  semispina 250 

Ceratium  fusus    — 

„         tripos  250 

Peridinium  sp 250 

Trochiscia  brachiolata    — 

Sagitta  bipunctata 27 

Tomopteris  onisciformis — 

Larval  Polyohaeta 200              —              40 

*Mitraria'    75              —              — 

Crab  zoea     —              —              — 

„     megalopa    1              —              — 

Mysis  sta^e  of  Crangon      5 

Podon  intermedium    10 

Calanus  helgolandicus    34 

Pseudocalanus  elongatue   4,500 

Temora  longicornis     200 

Centropaffcs  hamatus     150 

Acartia  clausi  1,256 

Oithona  siniilis    4,500 

Paracalanus  parvus    200 

Isias  clavipcs   — 

Leptopsyllus  sp — 

Ameira  intermedia — 

Zaus  goodsiri    — 

Copepod  nauplii      17,000 

juv 15.000 

Gasteropoda,  larval     250 

I^mellibranchs,  larval   250 

Oikopleura  sp 875 

Ascidian  eggs  1.500 

Young  fishes    — 

feature  of  this  occasion  was  that  the  Hensen  net,  hauled 

up  from  14  fathoms,  contained  150  specimens  of  what  is 
probably  a  new  species  of  Leptopsyllus,  while  the  Nansen 
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net  used  at  the  same  time,  and  at  the  same  depth,  on  the 
other  side  of  the  ship,  caught  twice  as  much  material  but 
not  a  single  specimen  of  the  new  Copepod.  The  surface 
nets  are  also  somewhat  divergent  in  their  results,  while 
the  deeper  weighted  net  has  caught  a  very  much  larger 
quantity  of  material,  the  greater  part  of  which  is  clearly 
made  up  of  Copepoda  both  young  and  old — about  ninety- 
five  thousand  in  all. 

Results  of  the  Vertical  Hauls. 

The  two  vertical  closing  nets  we  have  used  from  the 
"  Ladybird  ''  are  the  Petersen-Hensen  and  the  Nansen, 
both  of  which  have  now  been  thoroughly  tested,  and  have 
given  on  the  whole  good  results.  The  ring  of  the 
Petersen-Hensen  net  is  19  inches  in  diameter,  and  the 
opening  at  the  mouth  into  which  the  brass  lids  fit  is  7^ 
inches.  The  opening  of  the  Nansen  net  (figs.  3  and  4) 
is  14  inches. 

As  a  vertical  closing  net  we  prefer  the  Xansen 
to  the  Petersen-Hensen.  It  is  lighter  and  less  compli- 
cated (a  matter  of  some  importance  in  a  rough  sea),  more 
easily  manipulated,  less  liable  to  failure  in  action,  costs 
less  and  generally  catches  more.  The  brass  cylinder  at 
the  lower  end  is,  however,  too  small,  and  might  be 
improved  in  other  ways. 

These  two  vertical  closing  tow-nets  are  obviously  not 
comparable  one  with  the  other.  Their  dimensions  are 
different,  and  the  results  of  the  hauls  are  usually  also  very 
different,  the  Xansen  net  almost  invariably  catching  more 
than  the  Hensen.  The  maximum  amount  for  the  Hensen 
is  64'5,  while  the  maximum  for  the  Xansen  is  more  than 
twice  as  much,  namely,  164  c.c.  These  two  nets  were  not 
used  for  the  purpose  of  obtaining  results  that  would  be 
comparable,  but  were  used  for  the  purpose  of  testing  the 
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nets  tit  see  which  was  the  nn)re  efticieut  uud  convenient, 
anil  alsn  for  llie  purpose  of  nbtaininp  corroborative  evidence 
as  to  the  distribution  of  orpani-inis  by  means  of  a  second 
and  different  net  wicd  at  I  he  same  time.  Consequeully,  the 
results  obtained  from  the  two  nets  cannot  be  summed, 
but  must  be  treated  separately.  The  usual  plan  of 
working     at     the     off-shore     atutions     was     that,     after 


ascerliiininfr  the  depth,  these  vertical  nets  were  lowered 
.siranllaneously  to  within  a  fathom  or  so  of  the  bottom  and 
were  hauled  up  through  the  lower  ten  fathoms  of  water 
and  then  closed  by  incinis  of  the  niesscnpers.  Thus,  the 
Hensen  and  Nanseii  nets  brought  us  up  samples  of  the 
fauna  in  the  bottom  ten  fathoms,  for  i-oniparison  n-itk  the 
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fauna  of  th^  upper  zones  of  the  sea  obtained  by  means  of 
the  surface  and  weighted  open  tow-nets. 

In  many  of  these  hauls  during  April  (see  Form  10, 
p.  119)  the  vertical  nets,  although  they  had  traversed  a 
very  much  smaller  area  of  water,  brought  up  a  very  much 
larger  number  of  Diatoms,  for  example  in  the  case  of 
Chaetoceros  contortum-  -14,000,000  in  the  Nansen  and 
286,000  in  the  Hensen,  as  against  160,000  in  the  weight 
net  and  smaller  numbers  in  those  at  the  surface.  Other 
cases  may  not  be  so  striking  as  this  one,  but  still  it  is  true 
of  many  hauls  that  the  Nansen  net,  especially,  brought  a 
large  number  of  Diatoms  from  the  lower  zone  of  water. 

In  cases  where,  as  on  Form  71,  p.  109,  the  llensen 
and  Xansen  nets  have  yielded  smaller  numbers,  say,  of 
Copepoda  than  the  weighted  and  surface  nets  no  conclu- 
sions can  be  drawn,  as  it  must  always  be  remembered 
that  the  open  tow-nets  have  sampled  very  much  larger 
volumes  of  water  than  have  passed  through  the  vertical 
nets.  Form  21,  p.  117,  shows  a  case  where  the  Nansen  net, 
as  usual,  has  caught  much  more  than  the  Hensen,  but 
where  it  has  not  caught  more  than  the  average  of  the 
three  open  tow-nets  in  the  water  above,  but  still  when  the 
constitution  of  the  catch  is  analysed  it  is  noted  that  moat 
of  the  Diatoms  are  in  the  Nansen  and  Hensen  nets,  and 
that  the  greater  bulk  of  the  catches  from  the  upper  layers 
of  water  is  made  up  of  Copepoda  and  other  larger 
organisms. 

It  is  rare  for  the  Hensen  net  to  catch  more  than  the 
Nansen,  but  an  example  of  that  is  seen  on  Form  45,  p.  126. 
The  slight  difference  in  bulk  (0*5  c.c.)  is,  however, 
probably  due  in  this  case  to  the  presence  of  a  few 
Copepoda,  Medusae  and  Oikopleura,  and  is  thus  of  an 
accidental  or  non-significant  nature.  Form  41  on  p.  129 
shows  what  we  consider  to  be  a  fairly  representative  series 
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of  catches  on  an  off-shore  station,  the  Nansen  being 
greater  than  the  Hensen  and  the  three  open  nets  being 
greater  still,  while  the  weight  net  has  caught  more  again 
than  those  on  the  surface.  Form  42  on  the  second 
off-shore  station  at  the  same  date  shows  a  very  similar 
proportion  between  the  catches.  Many  other  similar 
examples  might  be  given.  On  the  other  hand,  there  are 
cases,  such  as  station  III  on  April  4th,  when  the  Hensen 
and  Nan  sen  brought  up  such  enormous  quantities  of 
Diatoms  from  the  lower  zone  of  water  as  to  outnumber 
many  times  over  the  catch  of  all  the  other  nets  put 
together.  On  this  occasion,  the  Hensen  nets  caught 
()4*5  c.c.  and  the  Xansen  1()4  c.c,  and  several  numbers  of 
individual  species  of  Diatoms  in  a  single  net  run  into 
millions,  Chaetoceros  contortum  being  estimated  at  fifteen 
millions  in  the  Nansen  net.  On  the  following  day  at  the 
second  off-shore  station  the  number  of  that  Diatom  is 
estimated  at  fourteen  millions  and  the  total  amount  in 
the  Nansen  net  was  100  c.c,  while  the  Hensen  had  only 
VZ'b  c.c.  The  surface  nets  were  9  and  12  respectively, 
and  the  weighted  net  15*5  c.c. 

Although  the  numbers  are  not  so  high  in  the  case  of 
other  groups,  the  same  general  principle  holds  later  in 
April,  when  the  Diatoms  are  disappearing  and  the 
Copepods  are  more  abundant.  We  find  that  the  Nansen 
net  still  obtains  a  much  larger  catch,  and  that  the  bulk  of 
it  is  then  made  up  of  adult  and  larval  Copepoda.  For 
example,  on  April  22n(l,  at  off-shore  station  I,  the  Nansen 
catch  was  (I  c.c.  and  the  Hensen  1  c.c.  The  Nansen  had 
2,250  Copej)oda  and  the  Hensen  185 ;  the  Nansen  had 
15,(K)0  Copepod  Nauplii,  and  the  Hensen  ej,000 ;  the 
Nansen  had  1,500  later  Copepod  larvae,  and  the  Hensen 
had  250 ;  the  Nansen  had  1,000  Oikopleura,  and  the 
Hensen  125.   Many  other  similar  examples  might  be  given. 


One  of  our  objects  throughout  this  work  was  to 
sample  the  various  layers  of  water,  as  well  as  to  compare 
ueighbouring  tociilities  and  adjoinitifr  dates,  and  the 
following  diagram matic  statement  of  certain  of  the  hauls 
taken  on  September  12th  will  illustrate  that  part  of  the 
plan  of  the  work :  — 


~n~ 


Fi<i.  5, — Dia^irani  to  show  thu  bauln  taken  al  nut!  nution. 
I.— VI.  represent  hauls o[  the  vertical  closing  nets:  W.ii.  (weight  net). 
Sh.  1  mill  Sb.  2  (shear  tiet)  and  the  two  surface  nets  represent  horizontal 
or  oblique  baul^.    The  numbers  5  tu  GO  indicate  depths  in  fatbomi. 
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Here,  out  in  the  middle  of  the  channel  between 
Ireland  and  the  Isle  of  Man,  the  depth  was  about  65 
fathoms,  and  we  sank  our  vertical  nets  down  to  60,  and 
hauled  them  up  throup^h  the  lower  ten  fathoms  (I),  the 
lower  thirty  (II),  and  the  entire  depth  (III),  then  through 
the  zones  '^0  to  20  (IV),  twenty  to  ten  (V),  and  ten  to  five 
(VI).  That  brought  us  in  touch  with  the  surface  zone 
through  which  the  weight-net,  the  shear-nets  and  the 
surface-nets  had  ranged.  In  this  way  we  hoped  to  be  able 
to  localise  the  constituents  of  the  fauna  obtained  in  a 
vertical  haul  such  as  III. 

It  is  clear  that  much  further  work  in  this  direction 
is  needed.  Some  of  these  serial  hauls  support  the  idea 
that  there  is  a  definite  zone  beneath  the  surface  holding 
the  maximum  of  organisms;  but  other  hauls  again  seem 
to  give  contradictory  evidence.  For  example,  in  the 
Hensen  net  hauls  represented  in  the  diagram  (fig.  5) 
dealing  with  September  12th,  Hensen  I  and  Hensen  II 
and  Hensen  IV  all  contained  very  small  quantities  of 
material,  0*1  c.c,  each,  while  Hensen  VI  contained  a  very 
little  more,  015  c.c.  Hensen  III,  open  all  the  way  from 
the  bottom  to  the  surface,  contained  distinctly  more 
material,  0*25  c.c,  and  Hensen  VI  drawn  through  a 
narrow  zone  of  five  fathoms  only  (ten  to  five  fathoms) 
contained  as  much  as  Hensen  III,  indicating  that  most  of 
the  organisms  were  on  this  occasion  contained  in  this 
narrow  zone  between  iive  and  ten  fathoms.  The  Xansen 
hauls,  on  the  other  hand,  did  not  bear  this  out,  No.  II 
and  No.  V  containing  more  than  either  III  or  VI. 

We  feel  that  we  have  not  vet  sufficient  data  as  to 
these  serial  vertical  hauls  to  make  it  possible  to  discuss 
the  matter  of  zonal  distribution  further  at  present. 


144 


DISCUSSION   OF   THE  GROUPS. 

Turninp^  now  to  the  details  of  the  various  groups  of 
organisms  in  the  different  hauls  throughout  the  year  we 
have,  first  of  all,  taken  out  the  numbers  of  these  groups 
from  the  lists  day  by  day,  dividing  the  totals  by  the 
number  of  hauls  of  the  nets  made  on  that  dav,  so  as  to 
get  results  for  each  group,  per  day,  per  net.  We  have 
treated  in  that  way  the  Diatoms,  the  Dinoflagellates,  the 
Copepoda,  the  Cladocera,  aiid  a  few  of  the  more  prominent 
single  species  such  as  Ceudium  tripos,  Sngitta  bipunctata, 
Tomopteris  antsciformis,  Oik^ pleura  dioica,  and  some  of 
the  Copepoda. 

Diatoms. 

The  variation  in  the  total  catch  of  Diatoms 
throughout  the  year  will  be  seen  from  the  following  list. 
All  the  days  upon  which  plankton  gatherings  were  taken 
are  recorded,  and  the  Diatoms  from  all  nets  on  each  dav 
are  added  together,  the  average  per  net  for  that  day  being 
given  in  the  last  column. 


Nets. 

Jan. 

8 

1 

18 

1 

Feb. 

5 

1 

22 

1 

26 

4     : 

Mar. 

4 

3     : 

26 

2     : 

27 

1      : 

29 

1      : 

29 

4     : 

Apr. 

1 

5     : 

1 

3     : 

2 

4     : 

3 

1 

4 

4 

4 

o 

5 

5 

6 

2 

8 

5 

8 

5 

9 

5 

9 

.>   . 

9 

2     : 

9 

Total. 
5,650 
34,300 
152,600 
205,050 
293,900 
284,000 
220,000 
277,000 
326,000  ) 
180,650  f 
426,000  ) 
523,000  ," 
1,000,000 
335,000 
890,000  ) 
20,434,000  / 
17.669.000 
697,500 
12,362,000  ) 
4.844,000  ) 
1,249,000  i 
696,000  ' 
159,000  ," 
702,000  J 


Average  per  net. 
K  5,650 

34,300 
152,600 
205,050 

73.475 

94,666 
110,000 
277,000 

101,330 

118,500 

250,000 
335,000 

2,369,333 

3,533,800 
348,760 

1,720,600 


200,429 
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Apr. 


May 

Jiino 
July 

Aug. 


10 
10 
10 
10 
10 
11 
11 
13 
13 
13 
13 
15 
15 
15 
10 
10 
10 
10 
17 
18 
18 
18 
18 
10 
10 
10 
22 
22 
22 
23 
23 
23 
23 
24 
24 
24 
24 
25 
25 
25 
25 
20 
20 
20 
27 
27 
27 
27 
27 

8 
18 
24 
11 
15 
27 

5 
12 
17 
31 

0  to  20. 
21 
21 


Nets. 

2  = 
6  = 
o  = 

3  = 

2  = 
5  = 

3  = 
5  = 
3  = 

mm 

0  = 

2  = 
5  = 
5  = 

1  = 
5  = 
((  = 

3  = 
1  = 
1  = 

0  = 

mm 

0  = 
2  - 

1  « 

mm 

;>  =^ 

5  = 

1  r. 

5  = 

5  = 

1  = 

3  = 

5  = 

3  = 

1  = 

4  = 

6  = 

5  = 
1  = 

5  = 

6  = 

4  = 
1  = 

0  = 

5  = 

1  = 
5  = 
0  = 

mm 

i>  = 

mm 

»  = 

1  = 

1  = 

1  = 

1  = 

1  = 

1  = 

1  s= 

1  = 

1  = 

1  = 

1  B 


Total. 
247,000 

3,002,000 
324.000 
414,000 
414.000 

2.533,000  ) 
514,000  \ 

2,209.000  ) 
102,000  I 

410,000  r 

232,000  J 

319.000  ) 

628,000  '- 

184,000  ) 

.352,000  ) 

107,000  ' 

88,000  ■ 

122,000  ) 

215,000 

371,000  \ 

377,000  ^ 

9,000  " 

73,000  I 

.300,000) 

458.000  . 

01,000  I 

1.700) 

1,400  . 

3,500  ) 

1.600  \ 

4.300  ' 

1.300  ■ 

9,000  ) 

2,003.000  I 

1,462  ' 

211,000  " 

2,060  j 

0.200 


[ 


I 


900 
1,600 
1,360 
200,000 
3.630 
260) 
04,000  \ 
61,000 
202.000  \ 
0.770 
47,800  j 
238,060 
16.260 
39.060 
103,000 
8,600 
0,075 
01,476 
47,460 
44,460 
60 
-No  Diatomn. 

Ob  25  ) 

6  b  40  / 


Ayengepernet. 
297.700 

380,876 
^04,807 

93,727 

44,000 

216,000 

69.280 

74,456 
000 

1.342 

191,873 

003 
10,982 

10,800 


238,060 

15»260 

39»G60 

108,000 

8,600 

0,076 

01,476 

47,460 

44,460 

50 
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Aug. 


Sept. 


Oct. 


Nov. 


Bee 


23 

28 

23 

24 

24 

24 

24 

26 

26 

27 

28 

28 

29 

30 

31 

2 

3 

3 

4 

4 

4 

6 

6 

6 

9 

10 

11 

11 

11 

12 

12 

12 

13 

14 

16 

17 

17 

18 

18 

19 

20 

20 

20 

20 

21 

23 

24 

26 

27 

28 

30 

1 

9 

14 

24 

4 

8 

16 

25 

12 

20 

23 

30 


Nell. 
3  » 

4      B 

5  ^ 

3  = 

5  = 

4  = 

7  = 

6     =r 

6  = 

3  = 

6  = 

8  = 

0  = 

1  = 

12  = 

6  = 
3  = 

8  = 

9  = 

5  = 
5  = 
9  = 
9  = 
9  = 
3  = 

7  = 

8  = 
8  = 
8  = 
8  = 
8  = 
3  = 
3  = 

1  = 
7  = 
7  = 
7  = 

7  = 

8  = 

8  = 

9  = 
9  = 
9  = 

O     = 


I 


Total 

60  ^ 

30 

70 

340 

6.060 

1,600 

580 

105 

400 

3,270 

1,480 

4.055 

250 

2,610 

460 

2,475 

5,485 

3,000 

4,528 

3,400 

2,600 

6,484 

1,445 

28,400 

6,340 

3,900) 

4,925  ' 

9,000) 

29,960,000  ) 

70.000  ' 

5,000,000  ) 

2,980 

1,600 

5,658 

55.000  ) 

26.000  I 

2,777  I 

16.000  ) 

12,317 

4,245,000 

88,000 

558,000 

10,394,250 

8,000 

11,550 

31,950 

103,655 

128,350 

156,150 

579,250 

91,050 

2,450 

0 

3.500 

6,530 

159,300 

26,685 

76,075 

13,820 

11.450 

6.960 


Avenge  per  net 
8 

425 

57 

133 
339 

811 

250 

217 

76 

724 
575 

390 

9,467 
906 

743 

1,843,684 

993 

1,600 

808 

5.714 

1.252 
1,539 

477,664 

8.000 

11,660 

31,960 

108,666 

128,860 

166,160 

679.260 

91.060 

2.460 

0 

3,600 

6.530 

169,300 

26,685 

75,075 

18.820 

11.460 

6.960 

8.000 
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From  these  daily  averages  a  three-days*  average  has 
now  been  made,  with  results  as  follows : — 


Daily 

3-daily 

Daily 

S-daUj 

Nets 

Average 

Average 

Nets 

Average 

Average 

2. 

Mai 

.26— 

110,000 

12. 

Aug.  26— 

67 

205 

1. 

27— 

277,000 

162,777 

3. 

27- 

133 

176 

5. 

29— 

101.330 

165.610 

14. 

28— 

339 

428 

8. 

April  1 

118,500 

156,610 

5. 

29— 

811 

467 

4. 

2— 

250.000 

234,500 

1. 

30— 

260 

426 

1. 

3— 

335,000 

738,583 

12. 

31— 

217 

181 

9. 

4 — 

2,369,333 

2,079,378 

6. 

Sept  2— 

76 

339 

5. 

5—  3,533,800 

2,083,961 

11. 

3— 

724 

468 

2. 

6— 

348,760 

1,867,717 

19. 

4— 

675 

663 

10. 

8 — 

1,720,600 

756,593 

27. 

6— 

390 

3,477 

14. 

9— 

200,429 

739,578 

3. 

9— 

9.467 

3,688 

17. 

lo- 

297,706 

326,346 

7. 

lo- 

906 

3,706 

8. 

ll— 

380,900 

294,491 

24. 

ll- 

743 

616,111 

If). 

13— 

204.867 

226,498 

19. 

12—  1.843,684 

616.140 

11. 

J5— 

93,727 

1 14,398 

3. 

13— 

993 

616.426 

15. 

10— 

44,600 

114,442 

1. 

14— 

1,600 

1,134 

1. 

17— 

215,000 

106,296 

7. 

16— 

808 

2,707 

14. 

18— 

59,286 

116.247 

14. 

17— 

6,714 

2.691 

11. 

19— 

74,456 

44,780 

15. 

18— 

1.262 

2,836 

11. 

22— 

600 

25,466 

8. 

19— 

1,639 

160,162 

12. 

23— 

1,342 

64,605 

32. 

20— 

477,664 

162,401 

15. 

24— 

191,873 

((4,626 

21 

8,000 

166,738 

15. 

26— 

663 

69.839 

23— 

11.660 

17.167 

12. 

2ft— 

16,982 

11,512 

24— 

31,960 

49,052 

22. 

27— 

16,890 

— 

26— 

103,666 

88,662 

i 

Aug. 

20— 

— 

2 

27— 

130,360 

120.786 

11. 

21— 

6 

2 

28— 

128,360 

279.317 

22— 

— 

6 

30- 

579,260 

266,217 

12. 

23— 

8 

144 

Oct.    1— 

91,060 

— 

H). 

24— 

425 

163 

■           * 

On  considering  this  list,  the  following  points  come 
out: — The  average  number  of  Diatoms  per  catch  often 
varies  considerably  from  day  to  day,  as  will  be  seen  by  a 
glance  at  the  table.  Thus  on  April  6th  the  average 
of  all  catches  of  that  day  was  3,633,800,  while  on  April 
6th  it  foil  to  348,750 ;  on  April  24th  it  was  191,873,  while 
on  April  25th  it  was  only  663.  Again,  on  September 
10th  and  11th  it  was  90fi  and  743  respectively,  but  rose  to 
1,843,684  on  the  following  day;  on  September  19th  it 
was  1,639,  while  on  September  20th  it  was  477,664. 

Each  of  the  above  numbers,  however,  is  the  average 
of  several  catches,  that  is  of  all  the  nettings  taken  during 
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a  single  day,  and  they  do  not  by  any  means  give  an 
adequate  idea  of  the  quantitative  variation  among 
individual  catches.  Thus  on  September  10th  surface  nets 
I  and  II  contained  250  and  550  respectively,  while  two 
days  later  the  corresponding  numbers  were  13,495,500  and 
16,300,500;  on  April  8th  two  hauls  of  the  Nansen  net 
gave  respectively  198,000  and  ^J^O^OOO,  and  many  other 
such  cases  could  be  quoted. 

Such  differences  as  above  cited  are  due  in  the  main 
to  the  great  abundance  of  some  single  organism,  generally 
Rhizosoleniu  semispina,  Chaeioceros  contortum,  C.  dehile 
or  Thalassiosira  nord^nskioldii  Thus  of  the  two  enormous 
surface  nettings  of  September  12th  given  above, 
Rhizosolenia  semisjnna  accounts  for  thirteen  millions  and 
sixteen  millions  of  the  organisms  respectively ;  again  the 
high  average  (477,664)  of  32  hauls  made  on  September 
20th  is  traceable  largely  to  the  influence  of  four  of  the 
catches  amounting  together  to  13,230,150,  of  which 
13,085,000  were  Rhizosolenia  semispina. 

Besides,  however,  these  great  fluctuating  changes  it 
will  be  seen  that  there  is  a  more  regular  seasonal  change. 
This  is  brought  out  more  clearly  by  the  diagi-am  (p.  177). 
Owing  to  the  frequency  of  the  spring  and  autumn  hauls 
it  is  possible  to  take  8-daily  averages  from  March  27th  to 
April  26th,  and  again  from  August  20th  to  September 
30th,  but  it  should  be  noted  that  while  the  spring  catches 
and  those  of  the  middle  (August  23rd  to  September  19th) 
of  the  autumn  period  were  made  with  several  kinds  of  nets 
outside  the  Bay,  together  with  surface  nets  within  the 
Bay,  those  on  other  occasions  were  made  only  by  the 
surface  nets  within  the  Bay ;  at  other  times  than  the 
above  two  periods  the  nettings  numbered  from  three  to 
four  per  month. 

The  curve  shows  two  humps,  a  well-marked  one  in 
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early  April  and  a  less  conspicuous  one  during  the  latter 
half  of  September. 

The  spring  hump  rises  suddenly  and  falls  again 
almost  as  suddenly,  the  main  portion  occupying  about 
three  weeks  (the  last  week  in  March  and  the  first  fortnight 
in  April).  It  is  to  be  noted  that  its  height  is  largely 
influenced  by  the  catches  of  three  days,  namely,  April  4th 
(2,;iG9,333)/  April  5th  (3,533,800)  and  April  8th 
(1,720,000),  which  were  due  mainly  to  the  large  numbers 
of  Chaetoccros  eontortum,  C.  dehile  and  Thalassiosira 
nordenskioldii  in  certain  of  the  nettings  included. 
Omitting  these  three  days,  however,  the  curve  retains  the 
same  general  character  as  before,  except  that  the  peak  is 
very  materially  reduced. 

The  autumn  hump  is  not  so  well  marked,  in  fact  if 
the  catches  of  the  three  days,  September  12th,  20th  and 
30th,  be  omitted  it  almost  entirely  disappears  and  is 
confined  to  the  last  week  in  September;  it  depends, 
moreover,  entirely  upon  surface  nettings  taken  in  the 
Bay. 

At  other  times  of  the  year  the  catches  were  small, 
reaching,  however,  about  200,000  now  and  then  sporadi- 
cally. The  minima  were  during  August,  October  and 
December,  in  particular  from  August  9th  to  August  20th, 
when  no  Diatoms  were  taken,  though  surface  nettings 
were  made  (within  the  Bay)  on  all  the  days  with  two 
exceptions. 

DlNOFLAGELLATA. 

The  following  list  of  the  Dinoflagellata  throughout  the 
year  is  drawn  up  on  exactly  the  same  lines  as  that  for  the 
Diatoms. 

Net8.  Total.  Average  per  Net. 

Jan.     8        ...         1   =  0  ...                       0 

18        ...         1   =  100  ...                   100 

Feb.     5        ...        1   >  1,400  ...                 1,400 
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Nets. 


Feb. 
Mar. 


April 


May 


June 


July 


Aug. 


22 

1 

26 

4 

4 

3 

26 

2 

29 

..        5 

1 

8 

2 

4 

4 

9 

5 

5 

6 

2 

8 

10 

9 

14 

10 

17 

11 

8 

13 

..   15 

15 

11 

16 

..   15 

17 

1 

18 

14 

19 

..   11 

22 

11 

23 

..   12 

24 

..   15 

25 

..   15 

26 

14 

27 

..   18 

8 

1 

18 

1 

24 

1 

11 

1 

15 

1 

27 

1 

6 

1 

12 

1 

17 

1 

31 

1 

9 

1 

10 

1 

12 

1 

13 

1 

14 

1 

15 

1 

16 

1 

17 

4 

19 

4 

20 

•* 

a 

21 

13 

22    .. 

1 

23 

.   15 

24 

.   19 

26 

12 

27 

3 

28 

14 

29 

5 

30 

1 

31 

12 

Total, 

750 

300 

0 

4,000 

7,900 

14,900 

3,500 

5.700 

16,500 

3,600 

30,050 

79,850 

84,350 

12,500 

29,350 

36,450 

31,245 

4,500 

38,125 

43,700 

7,895 

11,100 

49,259 

14,248 

39,735 

32,255 

3,576 

1,850 

3,000 

5,000 

375 

3,000 

2,575 

3,375 

8,000 

3,750 

0 

1,000 

2,000 

2,000 

1.000 

1,000 

500 

112 

787 

1,582 

8,201 

875 

3,244 

5,250 

1,190 

1,736 

9,095 

6,665 

300 

3,605 


Average  per  Net. 

.    760 

75 

0 

2.000 

1,680 

1,862 

875 

633 
3,300 
1,800 
3,005 
5,704 
4,962 
1,562 
1,957 
3,313 
2.083 
4,500 
2,723 
3,972 

717 

925 
3,284 

950 
2,838 
1,792 
3,575 
1.860 
3,000 
5,000 

376 
3,000 
2.575 
3,375 
8,000 
3,750 
0 
1,000 
2,000 
2,000 
1,000 
1,000 

500 
28 

197 

316 

631 

875 

216 

276 
99 

578 

650 
1,133 

300 

300 
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Nets. 

Total. 

Average  per  nek 

Sept.  2 

•  •  • 

0  -- 

2,235 

•  •  • 

372 

3 

•  •  • 

11  = 

16,611 

•  •  • 

1,510 

4 

•  •  • 

19  = 

6,305 

•  •  « 

332 

5 

•  •  • 

1  - 

50 

•  •  • 

50 

G 

•  •  • 

20  := 

11,356 

•  •  • 

436 

9 

•  «  • 

3  - 

10.900 

•  •  • 

3.633 

10 

•  •  • 

7  = 

2,950 

•  •  « 

421 

11 

•  •  • 

24  = 

19,876 

•  •  • 

828 

12 

•  «  • 

19  = 

195,835 

•  •  • 

10,307 

13 

•  •  • 

3  = 

2,750 

•  •  • 

917 

14 

•  •  • 

1  = 

1,700 

•  •  I 

1,700 

IG 

•  •  • 

8  = 

4,635 

•  •  i 

579 

17 

•  •  • 

14  = 

22,491 

•  •  1 

1,606 

18 

•  «  • 

15  = 

4,427 

•  •  < 

295 

19 

9   •   4 

9  = 

6,820 

•  •  • 

758 

20 

•  •  • 

3«  = 

44,502 

•  •  < 

1,236 

21 

•  •  • 

1  = 

1,000 

•  •  1 

1,000 

23 

•  •  • 

1  = 

750 

•  •  1 

750 

24 

•  «  • 

1  = 

1,750 

•  •  i 

1,750 

26 

•  •  • 

1  = 

1,000 

•  • 

1,000 

27 

•  •  • 

1  = 

2,250 

•  • 

2,250 

28 

•  «  • 

1  = 

1,500 

•  • 

1.500 

30 

•  •  • 

1  = 

1,500 

«  • 

1,500 

Oct.  n 
9f 
14' 
24 

•  •  • 

4  ^ 

0 

•  • 

0 

Nov.  4 

•  •  • 

1   ^^ 

225 

•  • 

225 

8 

•  •  • 

1  = 

200 

•  • 

200 

IG 

•  •  • 

\       ■-" 

600 

•  • 

GOO 

25 

•  •  • 

1   ^-= 

1,125 

•  • 

1,125 

Dec.  12 

•  •  • 

1   ^^ 

470 

•  • 

470 

20 

•  •  • 

1   — - 

650 

•  • 

650 

23 

•  •  • 

1   :zs 

300 

•  • 

300 

30 

•  •  • 

1  ^^^ 

600 

•  • 

600 

From  the  above  list  of  the  Dinoflagellato  catches, 
and  the  accompanying  curve  (compiled  from  a  total  of 
595  hauls),  it  is  seen  that  the  numbers  rise  from  a  very 
luw  point  at  the  beginning  of  the  year  to  a  series  of  peaks 
in  April,  the  highest  of  which  is  6,704  per  haul  on  the 
9th,  and  in  July  a  higher  point  (8,000)  is  reached,  after 
which  the  numbers  fall  and  keep  generally  at  a  lower 
level  until  the  middle  of  September,  when  for  a  single 
day  a  very  high  average  is  attained,  10,307,  the  highest 
in  the  year.     After  this  there  is  a  very  rapid  fall,  the 
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gFOupis  unrepresented  in  Ortciber."  and  tlie  numbers 
keep  irregular  but  low  durin};  November,  December  ami 
January. 

We  have  taken  out  sepanittdy  from  the  Btatistics  the 
figures  in  regard  to  Cerathtm  tripoa,  perhaps  the  most 
abundant  species  of  Dinoflagellate  in  our  district.     It  is 


the  more  important  that  this  should  be  done  since  a 
statement  has  appeared  in  a  recent  Blue-book  (North  Sea 
Fisheries  Investigation  Committee:  Keioiid  Report 
{Southern  Area)  Part  I,  Cd.  38;J7.  December,  1907,  p.  172) 

•  That  is  UDrciireseiiled  in  the  writs  u(  giithcriiigs  (com  Ihe  Muiix 
wnB  nhich  wo  axa  coiiuLdcriiig  ;  but  members  of  the  group  nere 
certainly  present  in  the  IriBh  Sen  durinn  the  mouth,  as  two  hpecies  of 
Ceratiam  were  taken  by  the  LancDHhirc  Sen-FisherieK  Kteamer  at  three 
Stations  EaHt  of  the  lelc  of  Man,  on  Uitobcr  Tth.  I  do  not  suppoie 
that  Dinoflngellntes  are  ever  totnll)'  ulispnt  from  the  Irish  Sea  in  any 
mouth   of    tha  ^-enr.      Oough   ha»  recorded   (Blue-book,   VA.   3637, 

fcSG3)  two  species  of  Crratium  and  three  species  of  Feiidiniiim  as 
ing  rarely,  or  very   rarely,  present  in   the  gatherings  from  the 
Bahama  Bank  Lightship  in  1901. 
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which  may,  if  not  corrected,  give  rise  to  a  false 
impressiou.  The  Marine  Biological  Association  obtain 
gatherings  once  a  fortnight  from  certain  light-ships  on 
the  west  coast,  and  one  of  these  (on  the  Bahama  Bank)  is 
in  our  district  of  the  Irish  Sea.  On  the  basis  of  these 
fortnightly  gatherings  (23)  at  this  one  station,  in  the 
year  (1904)  under  discussion,  Dr.  L.  H.  Gough  states  in 
the  official  Blue-book  that  *'  Ceratium  tripos  was  never 
seen  at  Bahama  Bank,''  and  again,  ''  In  the  Irish  Sea  it 
[('.  tripos]  was  rarest  or  even  absent  at  the  northern 
stations  ''  [that  is  at  the  Isle  of  Man].  From  such  state- 
ments one  would  certainly  gather  that  the  organism  in 
question  was  very  rare,  if  not  altogether  absent  from  our 
district;  but  the  fact  is  that  it  occurs  practically  all  the 
year  round  in  considerable  abundance  ofE  the  Isle  of  Man. 
Ceratium  tripos  is  regarded  as  an  oceanic  species,  and  it 
is  stated  to  have  been  found  **  very  frequently "  at 
Plymouth  throughout  19U4,  but  as  no  numbers  are  given 
in  the  detailed  tables  of  the  Blue-book  (but  merely  crosses 
which  indicate  the  presence,  or  in  some  cases  letters  to 
indicate  relative  abundance),  it  is  impossible  to  compare 
results  and  to  say  whether  our  recorded  figures  for  the 
Irish  Sea  are  greater  or  less  than  the  numbers  of  this 
organism  found  in  the  English  Channel.  And  yet  from 
the  fortnightly  gatherings  from  certain  light-ships  (one 
of  which  is  in  our  district),  in  which  certain  organisms 
were  not  found,  the  far-reaching  conclusion  is  drawn  that 
''  on  the  whole  the  Irish  Sea  may  be  said  to  be  more 
neritic  [i.e.,  showing  a  scarcity  of  oceanic  species]  than 
the  Channer*  (p.  169).  That  may  be  the  case,  but  the 
conclusion  can  scarcely  be  based  upon  such  statistics  as  the 
North  Sea  Fisheries  Investigation  Committee  put  forth  in 
tlieir  othcial  Bhie-book.  The  facts  in  regard  to  this 
'•  oceanic  "  species  Ceratium  tripot  are : — 
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(1)  Their  28  gatherings  in  one  year  did  not  show  the 
organism  to  be  present. 

(2)  Our  650  gatherings  in  one  year  showed  that  it  was 
present  during  eleven  months,  and  was  fairly  abundant 
(up  to  7,753  per  haul)  during  most  of  the  year. 

In  the  following  list  we  have  separated  the  records  of 
Ceratium  tripos  within  Port  Erin  Bay  from  those  taken 
in  the  open  sea,  and  we  give  a  curve  for  each  locality 
(fig.  7).  In  most  cases  where  hauls  were  taken  in  both 
places  at  the  same  time  a  larger  number  of  individuals 
occurred  within  the  bay ;  but  on  the  other  hand  the 
largest  number  collected  (7,75-3,  on  September  l^th)  was 
in  a  haul  from  the  open  sea. 


Distribution   of   Ceratium  tripos,  per   net, 
throughout  the  year: — 


Bay. 

Oixjii  Sea. 

Bav. 

Open  Sos 

Jan.  18 

100 

June  11 

1,500 

Feb.  5 

900 

15 

300 

22 

760 

27 

2.000 

2G 

300 

July 

5 

375 

Mar.  2G 

500 

— . 

12 

2,600 

29 

3,000 

1,(XK) 

17 

4.376 

April  1 

— 

1,900 

31 

2,750 

— 

2 

— 

2,000 

Aug. 

10 

1,000 

— 

4 

550 

12 

2.000 

—~ 

5 

— 

1,622 

13 

2,000 

— 

0 

500 

14 

1,000 

8 

590 

15 

1,000 

.—. 

0 

2,750 

1,119 

16 

500 

10 

1,850 

1,310 

17 

100 

— 

11 

— 

1,125 

19 

375 

13 

3,000 

300 

20 

500 

15 

300 

633 

21 

37 

725 

lU 

1,000 

709 

22 

800 

_ . 

17 

3,000 

23 

325 

142 

18 

2,000 

469 

24 

— 

147 

19 

792 

26 

_• 

75 

22 

2.000 

188 

27 

383 

23 

1,000 

250 

28 

400 

716 

24 

750 

1,049 

29 

— 

98 

25 

260 

412 

30 

300 

— . 

26 

260 

529 

31 

150 

375 

27 

1,125 

669 

Sept. 

2 

— 

290 

May  8 

1,000 

— 

3 

2,200 

1.028 

18 

1,750 

— 

4 

— 

289 

24 

2,000 

— 

5 

50 

.— 

Ttt         iv.-.         j\fl  r^;,       lui*       Mj        *^        5*f''        Otr         SSi 


The  fjunoial  i  in  press  ion  received  from  an  ioBpection 
uf  these  numbers  is  their  constancy — a  large  proportion 
uf  them  lie  between  1,000  and  :^000;  in  the  middle  oi 
April  we  aee  a  run  of  3,000,  1,000,  a.OOO,  2,000,  2,000, 
1,000;  in  May,  1,000,  1,750,  2,000;  in  AuguBt,  1,000, 
2,000,  2,000,  1,000,  1,000,  and  go  on;  and  then  again  in 
November  and  December  we  have  a  run  of  hundreds,  from 
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225  on  November  4th  to  (iOO  on  December  *JOth.  All  these 
numbers  represent  single  hauls  of  a  net. 

The  cui-ve  for  the  open  sea  can  only  be  drawn  for 
April  and  for  portions  of  August  and  September;  but 
during  these  periods  it  agrees  fairly  well  with  the  curve 
for  the  bay.  It  shows  the  same  kind  of  variations,  up 
and  down,  although  in  April  tlic  humps  do  not  reach  so 
high  and  in  September  they  go  a  great  deal  higher. 

The  curve  for  CercUiutn  tripos  agrees  in  general  with 
that  for  the  total  Dinoflagellates  (fig.  6),  but  differs 
markedly  from  those  both  of  Diatoms  and  Copepoda. 
The  spring  maximum  in  the  Dinoflagellates  is  later  than 
that  of  the  Diatoms,  but  precedes  that  of  the  Copepoda. 
Then  again  the  September  hump  of  the  Dinoflagellates  is 
earlier  than  that  of  the  Diatoms,  and  much  earlier  than 
the  October  maximum  of  Copepoda.  On  the  whole  the 
annual  curve  for  the  Dinoflagellates  lies  intermediate 
between  those  for  Diatoms  and  Copepoda. 

COPBPODA* 

The  following  list  shows  the  Total  Copepoda,  and  the 
average  per  net  for  each  day  on  which  gatherings  were 
taken  throughout  the  year. 

Jnn. 
Feb. 


Mar. 


April 


Nots. 

Total. 

Average  \Mir  Net. 

8 

•  «  • 

= 

2,082 

2.082 

18 

*^  • 

ill 

1,551 

1,551 

fi 

-^ 

1,110 

1,110 

22 

z—: 

30 

30 

20 

— -     . 

1,238 

1,238 

4 

:— 

1,825 

1,825 

20 

2 

:=; 

687 

294 

27 

^ 

476 

476 

29 

= 

3,210 

3,210 

29 

4 

ii; 

4,370 

1,092 

1 

8 

^^ 

20,496 

3,312 

2 

4 

= 

18,000 

4,600 

4 

9 

t= 

1,135 

126 

4 

4 

= 

2,234 

568 

5 

o 

= 

2,247 

449 

6 

2 

= 

6,873 

3,436 

8 

10 

^ 

4,136 

413 

9 

2 

■= 

2,183 

1,091 

\ 
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April 


May 


Juno 


July 


Aug. 


Nets. 

Total. 

Ayerage  per  Net. 

9 

.   12  = 

42,915 

3.576 

10 

2  = 

4,679 

2.339 

10 

.   16  = 

18.349 

1.223 

11 

8  = 

12,222 

1.628 

13 

2  = 

21.550 

10.776 

13 

.   13  = 

27,776 

2,136 

15 

1  = 

9,280 

9,280 

15 

.   10  = 

10,507 

1.050 

16 

1  = 

11,600 

11,600 

16 

.   14  = 

26,335 

1,881 

17 

1  = 

15.659 

15,669 

18 

1  = 

6.102 

6,102 

18 

.   13  = 

32,250 

2,481 

19 

1  = 

9.750 

9.750 

19 

.   11  = 

43.203 

3.927 

22 

1  = 

16.300 

16,300 

22 

.   11  =- 

47.955 

4,359 

23 

1  = 

16,210 

16,210 

23 

11  - 

82.799 

7.627 

24 

1  = 

7,881 

7.881 

24 

.   11  = 

109.272 

9.934 

25 

1  = 

2.328 

2.328 

25 

.   14  = 

53,823 

3,844 

26 

1  = 

4,040 

4.040 

26 

.   14  = 

57.564 

4.111 

27 

2  = 

59.660 

29,826 

27 

.   17  = 

48,360 

2.846 

8 

1  = 

1.045 

1,046 

18 

1  = 

2.696 

2.695 

24 

1  = 

6.506 

6.606 

11 

1  = 

13.610 

1.^610 

15 

1  = 

7,355 

7,356 

27 

1  = 

15,460 

15,460 

5 

1  = 

6,680 

6.680 

12 

1  = 

2.895 

2.895 

17 

I  = 

7.930 

7.930 

31 

1  = 

4.345 

4,346 

9 

I  = 

9,450 

9,450 

10 

1  = 

18.200 

18,200 

12 

1  =r 

9.700 

9,700 

13 

1  = 

6.200 

6,200 

13 

1  = 

1.861 

1.861 

14 

1  = 

19,400 

19,400 

15 

1  = 

14,700 

14,700 

16 

1  = 

8,801 

8,801 

16 

1  = 

640 

640 

17 

4  = 

28,961 

7.240 

19 

4  = 

5.499 

1.376 

20 

5  = 

13,067 

2,611 

21 

2  = 

114 

67 

21 

6  = 

27,138 

4,623 

21 

5  r= 

11,070 

2,214 

21 

3  = 

6.306 

1,768 

22 

1  = 

2,600 

2,600 

23 

2  = 

9,336 

4,666 

23 

3  = 

4,811 

1,604 

23 

4  = 

12,036 

3,009 

23 

6  ^ 

9,842 

1,968 

2S 

3  = 

648 

216 

24 

3  = 

27,086 

9,028   ' 

/ 
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Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


NeK 

ToUl. 

24 

5 

= 

84,677 

24 

4 

:rz 

462 

24 

7 

Si 

7,079 

26 

6 

■=z 

2,822 

26 

6 

= 

52,981 

27 

3 

= 

29.906 

28 

6 

rr: 

23,187 

28 

8 

r_: 

9,787 

20 

5 

-- 

54,850 

30 

1 

ri 

2,800 

31 

6 

— 

2,825 

31 

6 

-7 

23,534 

2 

6 

= 

20.403 

3 

8 

— 

21,359 

3 

3 

=T 

2,325 

4 

9 

— 

60,345 

4 

5 

= 

14,820 

4 

6 

=: 

71.651 

6 

9 

= 

1,779 

6 

9 

s: 

18,927 

6 

9 

— 

23.390 

9 

3 

=: 

11,145 

10 

7 

— 

14,579 

11 

8 

= 

4,835 

11 

8 

zs 

57,882 

11 

8 

= 

67,232 

12 

8 

= 

3,034 

12 

8 

= 

6,368 

12 

3 

= 

81,531 

13 

3 

= 

14.412 

14 

1 

= 

3,595 

16 

8 

= 

67,332 

17 

7 

= 

14,025 

17 

4 

= 

3.354 

18 

8 

= 

55,595 

18 

4 

= 

30,802 

11) 

9 

:= 

43,877 

20 

9 

=: 

120,962 

20 

9 

== 

2,434 

20 

9 

== 

37,374 

20 

5 

= 

136,561 

21 

1 

= 

10,582 

23 

1 

= 

18,450 

24 

1 

= 

11.850 

26 

1 

= 

2,197 

27 

1 

=s 

2,131 

28 

1 

^ 

8.325 

30 

1 

= 

12,110 

1 

1 

^ 

1,045 

0 

1 

= 

16,973 

14 

1 

= 

27,7iK) 

24 

1 

= 

24,480 

4 

1 

= 

5,587 

8 

1 

:= 

10,937 

16 

1 

= 

.3.8,53 

25 

1 

= 

7.314 

12 

1 

= 

1.724 

20 

1 

= 

2,275 

23 

1 

= 

2,403 

30 

1 

m 

2,756 

Areinge  per  Net 

1M16 

116 
1,011 

470 
8,830 

3,864 

1,223 
10.970 

2,800 
470 

3,922 

3,400 

2,669 
775 

6.706 

2.964 

11,942 

197 

2.103 

2,699 

3.715 

2.083 
604 

7,235 

7.164 

379 

796 

27,177 

4,804 

3,695 

8.416 

2.003 
838 

6.949 

7.700 

4,876 

13,440 

270 

4,162 
27,312 
10,682 
18,450 
11,850 

2,197 

2,131 

8,325 
12.110 

1,045 
16,973 
27,790 
24,480 

5,687 
10,937 

3,853 

7,314 

1.724 

2,276 

2,403 

2,766 
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The  Copepoda  have  two  maxima  in  the  year,  the  first 
in  April  and  the  second  in  September  and  October.  The 
records  start  in  January  with  about  2,000  per  haul  and 
keep  below  that  level  throughout  February  and  most  of 
March.  During  April  they  rapidly  mount  up  with  a 
series  of  successively  higher  records,  with  falls  between, 
such  as  April  2nd  4,500,  April  13th  10,775,  April  16th 
11,600,  till  the  climax  is  reached  on  April  27th  with 
29,825.  During  May  the  numbers  are  low,  1,045  to 
0,505,  in  June  they  rise  somewhat,  13,610  on  the  11th 
and  15,450  on  the  27tli,  falling  again  in  July  to  numbers 
between  2,895  and  7,930.  August  shows  a  series  of  rises 
with  falls  between,  the  tops  being  18,200  on  the  10th, 
19,400  on  the  14th,  14,700  on  the  15th,  16,915  on  the 
24th,  and  10,970  on  the  29th.  September  begins  at  a  low 
level,  reaches  11,942  on  the  4th,  and,  with  falls  between, 
27,177  on  the  12th,  13,440  on  the  20th  and  27,812  on  the 
20th,  followed  by  10,582  on  21st,  18,450  on  23rd,  11,850 
on  24th,  and  12,110  on  30th.  October  is  also  high,  with 
16,973  on  the  9th,  27,790  on  14th,  and  24,480  on  24th. 
Xovember  shows  one  high  figure,  10,937  on  the  8th ;  while 
December  ranges  from  1,724  to  2,755,  the  year's  record 
ending  very  much  at  the  same  level  at  which  it  commenced 
in  January. 

The  range  in  number  of  the  Copepoda  per  net,  30  to 
29,800,  is  considerable  compared  with  that  of  some  other 
groups. 

The  monthly  averages  of  the  Copepoda  per  net  during 
this  vear  are  as  follows : 


Jan. 
Feb. 
Mar. 
Apr. 
May 
June 


1,816  :  July      5,462 

793  Aug 5,496 

1,379  '  Sep 6,514 

5,858  I  Oct 17,572 

3,415  ;  Nov 6,923 

12,138  I  Dec.              ...     2,289 
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The  highest  averages  here  (June  and  October)  do  not 
quite  coincide  with  the  maxima  (April  and  September- 
October)  in  the  previous  treatment  where  the  days  were 
taken  singly.  The  explanation  is,  of  course,  that 
although  April  contains  a  maximum  far  above  that  of 
June,  it  also  contains  in  the  earlier  part  of  the  month 
many  low  records  that  pull  down  the  average  when  the 
month  is  treated  as  a  whole.  The  maxima  in  high 
average  bulk  of  catch  extending  over  the  month,  but  not 
in  exceptional  catches,  are  seen  from  this  list  to  be  in 
June  and  October,  and  especially  in  the  latter,  which 
agrees  well  with  the  curve  on  p.  182. 

If  we  look  now  for  the  largest  individual  hauls  of  a 
single  species  of  Copepod  we  find  that  they  occur  in  April, 
August  and  September.  The  following  are  some  of  the 
more  important  of  those:  — 

April    0 — Pseudocalamis  elongatus   10,000 

9 — Temom   longicorniH    19.000 

17—         „                 „          6.000 

22—        ..                „          6,500 

22— Acartia  clausi  4,500 

22 — Calamia  helgolandicus    4,600 

23— Acartia  clausi  8,000 

23 — Calanus  helgolandicus    1.3,480 

24—        „                „              9,240 

24— Acartia  clausi  28,000 

26 — Pseudocalamis  elongatus  8,700 

Aug.  10— Oithona  similis    9,000 

13—        14.000 

17—  „         25,000 

24— Acartia  clausi  23,000 

24—        29,000 

24— Oithona  similis    21.000 

26— Acartia  clausi  16,500 

27—        ,.         „      24,700 

29 — Pseudocalanus  elongatus   23,000 

Sept.    4— Acartia  clausi  23,600 

4 — Pseudocalanus  elongntus   36.000 

11—  ,.  ..  21,000 

12—  „  „  33,600 

18—  „  „  25,000 

20— Oithona  similis    29.270 

These  also  bear  out  the  idea  of  maxima  in  April  and  in 
autumn,  the  latter  being  the  more  important  one. 
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We  shall  now  discuss  the  occurrence  of  some  of  the 
more  important  species  of  Copepoda  separately. 

Calanus  and  Anomalocera. 

The  two  large  Copepoda,  Calamis  helgolandicu^  (Claus/ 
and  Anomalocera  paitersoni,  Temp.,  are  both  regarded  as 
oceanic  species,  and  are  both  present  in  fair  abundance 
in  the  Irish  Sea.  They  are  two  of  the  most  conspicuous 
objects  in  our  plankton  gatherings,  and  can  readily  be 
picked  out  with  the  eye  and  counted. 

Calanus  was  present  in  our  gatherings  in  1907  during 
every  month  of  the  year  from  January  8th  to  December 
30th.  It  was  represented  on  nearly  every  occasion  when 
hauls  were  taken,  and  in  some  cases  when  absent  from 
one  net  it  was  taken  in  another  gathering  made  on  the 
same  day,  showing  that  the  apparent  absence  was  due  to 
some  imperfection  in  the  sampling  of  the  sea.  When, 
then,  we  find  that  a  species  like  this  is  not  recorded  from 
a  particular  haul  at  a  time  of  year  when  gatherings  are 
being  taken  once  a  week  only,  one  is  inclined  to  suspect 
from  the  appearance  of  the  records  at  other  times  when 
the  observations  were  more  frequent,  that  if  another  haul 
had  been  taken  that  day  or  on  an  adjoining  day  the  species 
would  have  been  represented.  The  numbers  as  a  rule  are 
not  large.  TTiey  are  low  at  the  beginning  of  the  year,  and 
rapidly  increase  during  April.  We  quote  a  few  of  what 
seem  to  us  representative  catches  from  each  month.  They 
are  all  from  the  surface  nets  when  not  otherwise  stated :  — 


Jan.     8 

Feb.  26 

Mar.  26 

April    1 

2 

11 

13 

16 

M 


Surfac 

€  Nets. 

0-10  fat 

14 
3 

— 

— 

2 
20 

46 

400 

330 

150 

6 

100 

260 

220 

135 

150 

360 

20 

75 

2,000 
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iSurface  Nets.  010  faths.      Shear  Net. 

18  K0OO  600  1,200  — 

22  600  600  1,000  4.600 

23  1,500  l,2oO  —  4,000 

23  1,600  2,500  1,700  — 

23  600  660  —      -       13,480 

23  360  380  —  9,240 

24  3.300  2,000  1,100  — 

This  is  the  climax ;  during  May,  June  and  July  the 
numbers  are  lower. 

July  31  1,570  _  _  _ 

Aug.  9  600  —  —  — 

10   2,600  _  _  _ 

21  100  200  125  3,2(iO 

21  2  2  40  140 

During  most  of  August  and  September  the  numbers 
keep  low,  although  in  former  years  we  have,  on  occasions, 
taken  very  large  hauls  of  Calanus  in  Port  Erin  bay  in 
August  and  September. 

Sept.  11  35        40       675        — 

12  5        11       300      2,000 

18  1         1       265        — 

19  32         15        440      4,920 

Then  the  surface  hauls  ran  as  follows :  — September 
24th,  500;  September  :30th,  20;  October  9th,  200; 
October  14th,  2,700 ;  October  24th,  475 ;  November  4th, 
IW;  November  8th,  85;  November  16th,  8;  November 
25  th,  12;  December  12th,  2;  December  20th,  0: 
December  23rd,  21 ;  December  30th,  2.  And  so  the  vear 
ended  as  it  began,  with  low  numbers,  the  highest  figures 
being  in  April,  and  then  again  in  Autumn ;  but  the 
species  is  never  absent. 

It  will  be  noticed  that  during  April  the  larger 
numbers  are  sometimes  in  the  surface  nets  and  sometimes 
deeper ;  but  that  in  September  the  weighted  net  at 
10  fathoms  contains  most.  The  shear-net  is  not 
comparable  with  the  others. 

In  the  latter  half  of  Julv,  the  "  Ladvbird  ''  made  a 
run  up  the  west  coast  of  Scotland,  to  Skye,  and  took  a  few 
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vertical  plankton  hauls  in  deep  water.  At  the  entrance 
to  Loch  Fyne,  off  Skate  Island,  in  104  fathoms,  we  got 
13,000  adult  Calanus  helgolandicvs  in  one  haul  on 
July  18th ;  and  oif  Buidhe  Island,  near  East  Loch 
Tarbert,  in  76  fathoms,  we  got  10,000  of  the  same  species 
on  'Tuly  27th,  along  with  Eiicha^^ta  norvegica,  Nyetiphanes 
norvegica,  and  other  interesting  forms.  Calanus  seems  to 
be  permanently  present  in  the  deep  water  of  the  west 
coast. 

Anomalocera,  on  the  other  hand,  first  appears  in  our 
records  on  March  29th,  and  then  only  in  the  form  of 
metanauplii  (100,  170,  and  30  in  surface  hauls  off  the 
Calf  Island).  Then  on  April  1st  the  deep  net  (10  fathoms) 
took  75  young,  in  their  second-last  stage  of  development. 
The  same  young  stages  were  taken  again  on  April  4th,  5th 
and  6th,  with  various  nets,  chiefly  on  the  surface,  and  the 
.  first  adults  on  April  9th,  after  which  both  adults  and 
young  continued  to  occur  during  the  remainder  of  the 
month.    The  numbers  on  a  few  dates  in  April  are :  — 


Surface  Nets. 

10  faths 

• 

Adults 

April    9 

150 

80 

20 

Station  II. 

Young 

9 

200 

100 

10 

»• 

t« 

10 

170 

500 

20 

Station  I. 

»» 

10 

500 

750 

400 

Station  II. 

AdiilU 

16 

80 

160 

10 

Station  V. 

Young 

m 

160 

400 

60 

»» 

Adults 

23 

100 

50 

75 

Station  I. 

Young 

23 

200 

150 

0 

Adults 

24 

100 

75 

50 

Young 

24 

100 

75 

0 

Adults 

26 

9 

10 

37 

Shear,  500 

Young 

26 

40 

20 

20 

Anomalocera  does  not  occur  in  our  records  during 
May,  June  and  July,  but  it  must  be  remembered  that 
during  these  months  gatherings  were  only  taken  once  a 
week.  The  species  is  recorded  again  on  August  19th,  and 
continues  to  be  represented,  in  small  numbers,  by  both 
adults  and  young,  throughout  August  and  September,*  and 
finally  on  November  8th.    We  have,  however,  upt^  its 
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occurrence  in  previous  years  in  the  open  sea  in  January 
and  February  (Lane.  Sea  Fisheries  Laby.  Report,  No.  XIV, 
1905,  p.  35) ;  and  Mr.  I.  C.  Thompson  recorded  an  immense 
shoal  between  Douglas  and  Port  Erin  in  May,  1888  (Proc. 
L.  Biol.  S.,  Vol.  Ill,  p.  188). 

PSEUDOCALANrS. 

It  has  seemed  advisable  to  take  out  separately  the 
distribution  of  the  Copepod  P seudoccdanus  elongatus, 
which  is  present  and  fairly  abundant  throughout  the 
year.  It  is  represented  in  almost  every  gathering,  and 
by  high  numbers  (for  a  Copepod)  in  nearly  every  month. 
The  greatest  quantity  for  a  single  net  rises  in  April  to 
over  8,000  more  than  once,  and  in  August  reaches  16,000. 
But  the  maximum  is  seen  from  August  29th  to  September 
18th,  when  the  following  very  high  numbers  occur,  with 
occasional  lower  ones  between  them: — 23,000,  36,000, 
21,000,  33,600,  15,000,  12,000,  11,000,  25,000,  12,800— 
each  of  these  being  the  catch  in  a  single  net.  These  are, 
of  course,  the  picked  highest  numbers  of  the  year,  and 
they  all  happen  to  represent  hauls  of  the  weighted  open 
tow-net,  which  indicates  that  this  species  of  Copepod  is 
in  greatest  abundance  a  few  fathoms  below  the  surface. 
Quite  apart  from  the  exceptional  hauls  quoted  above,  we 
find  that  neither  the  surface  nets  nor  the  closing  vertical 
nets  worked  in  deeper  zones  caught  nearly  so  many  of 
this  species  as  the  weighted  net  ranging  down  to  about 
ten  fathoms.  From  the  frequency  with  which  similar 
nets  and  adjacent  hauls  give  widely  differing  results,  we 
are  inclined  to  regard  this  as  a  species  which  is  distributed 
irregularly  in  swarms,  or  patches  of  greater  density. 

MiCROCALANUS. 

The  distribution  of  Microcalanus  j^y^iUuSj  G.  0.  Sars, 
in  our  district  throughout  the  year  is  interesting.     It 
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appears  for  the  first  time  in  our  records  late  in  August, 
and  remains  fairly  constantly  present  but  never  very 
abundant  throughout  the  autumn  and  winter  until 
January,  when  it  disappears.  During  the  first  few  weeks 
it  is  only  in  the  offshore  hauls,  appearing  first  out  in 
mid-channel  on  August  24th  in  the  Hensen  and  Nansen 
nets  that  were  let  down  to  GO  fathoms  and  hauled  up 
vertically.  As  specimens  were  present  in  all  the  nets 
that  were  closed  when  they  had  been  pulled  up  to  45 
fathoms  and  were  not  present  in  the  surface  and  other 
nets  used  above  that  level,  it  is  evident  that  this  Copepod 
was  on  its  first  appearance  only  in  the  deep  water  in 
mid-channel.  It  was  encountered  next  on  August  26th, 
in  the  weighted  net  hauled  at  10  fathoms,  on  the  inner 
edge  of  the  Train  Bank,  some  eight  miles  oft'  land.  On 
August  31st  it  made  its  appearance  at  Station  I  in  the 
Hensen  and  Nansen  nets  hauled  up  from  24  fathoms,  and 
in  the  weighted  net  from  10  fathoms — the  latter  having 
•MO  specimens.  It  was  also  present  on  September  2nd 
and  3rd,  under  the  same  circumstances.  On  September 
4th  we  again  found  it  in  mid-channel  in  the  vertical  nets 
which  had  been  down  to  60  fathoms;  it  was  still  not 
]>resent  in  the  surface  nets  nor  in  the  inshore  waters. 

On  September  6th,  M icrocalanus  appeared  for  the 
first  time  inshore,  at  Station  IV,  off  the  Calf  Island,  but 
only  in  the  Hensen  and  Xansen  nets  which  had  been 
closed  at  8  and  15  fathoms  respectively;  it  was  not 
present  in  the  surface  hauls  taken  at  the  same  time.  It 
was  next  met  with  on  September  lltli,  at  Station  V,  south 
of  the  Calf  Sound,  inside  the  Wart  Bank,  when  100 
specimens  were  taken  in  each  of  the  two  surface  nets, 
loO  in  the  weighted  net  at  10  fathoms,  and  5,  5,  5,  3,  in 
the  four  vertical  nets  (2  Hensen  and  2  Nansen)  hauled 
from  20  up  to  10  fathoms.       It  had  evidently  become 
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distributed  by  this  time  all  through  the  water  around  the 
Calf  Island.  The  following  day,  the  species  was  present 
in  nearly  all  the  numerous  nets  worked  at  various  depths 
down  to  60  fathoms  in  mid-channel ;  and  it  then  reached 
its  climax  in  numbers,  2,000  in  the  net  at  10  fathoms 
and  2,500  in  an  open  tow-net  attached  to  the  shear-net 
at  20  fathoms.  For  some  days  after  this  Microcdlanus 
was  not  taken  in  any  of  the  nets,  and  then  on  September 
21st  it  turned  up  for  the  first  time  in  the  surface 
gatherings  taken  across  Port  Erin  Bay.  It  was  present 
in  these  bay  gatherings  on  October  1st  (35)  and  24th 
(100),  November  8th  (100),  December  20th  (80)  and  23rd 
(50),  and  finally  January  8th  (50  specimens). 

This  record  looks  like  the  immigration  of  an  oceanic 
species  up  the  deep  water  of  the  mid-channel  between  the 
Isle  of  Man  and  Ireland,  and  then  its  gradual  spread  in 
late  autumn  into  the  shallower  inshore  waters  and  finally 
to  the  surface  of  the  bay,  where  it  remained  throughout 
the  winter. 

Centropages  and  Temora. 

In  the  Blue-book  (Cd.  3837,  1907,  p.  175)  on  the 
International  FisTiery  Investigations  in  the  Southern  Area 
during  1904-5,  issued  under  the  direction  of  the  Marine 
Biological  Association,  the  statement  is  made  in  regard 
to  Centropages  hamatus  (Lilljeb.)  that  "  in  the  Irish  Sea 
it  is  a  seasonal  species  occurring  only  in  the  summer." 

We  have  no  hesitation  in  saying,  on  the  contrary, 
that  this  Copepod  occurs  in  the  Irish  Sea  all  the  year 
round.  It  is  on  our  records  for  1907  in  every  month, 
and  is  practically  continuously  present  from  January  8th 
to  December  30th.  The  numbers  are  low  at  the  beginning 
of  the  year,  but  reach  600  in  one  haul  of  the  surface  net 
by  April  9th,  and  1,300  on  April  24th.     Contrary  to  the 
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usual  rule,  this  species  seems  more  abundant  on  tlie 
surface  than  deeper — e.g., 

April    18 

19 

19 

22 

23 

24 

24 

These  last  two  hauls  show  the  highest  numbers  recorded 
for  the  year ;  they  fall  to  100  or  under  during  May,  June 
and  July,  recover  to  600  by  August  12th,  drop  again  to 
the  tens,  or  a  hundred  or  two  at  most,  later  in  August — 
when  the  larger  numbers  are  sometimes  in  the  deeper 
nets,  e.g. — 

Surface  nets.  10  faths. 

Auguftt  24  40  20  225  Mid-Channel 

24  30        50       700     „ 

27  30        20       100  Train  Bank 

During  September,  while  the  surface  hauls  remain 
relatively  small  the  deeper  nets  occasionally  get  larger 
numbers,  such  as  420,  130,  230.  On  September  16th, 
however,  at  Station  I,  the  numbers  were: — surface  nets, 
255  and  47;  weighted  net  (10  fathoms),  100.  On 
September  19th  a  surface  haul  just  outside  the  bay  gave 
240,  and  the  following  day  successive  surface  hauls  at 
Station  I  gave  165,  230,  165,  140.  On  September  23rd 
the  record  was  300,  on  28th  100,  in  October  100,  150,  25, 
and  in  November  and  December  the  numbers  drop  io 
units.  How  a  species  with  this  record  can  be  called 
''  a  seasonal  species  occurring  only  in  the  summer "  is 
difficult  to  understand.  The  mistake  can  only  be 
attributed  to  the  attempt  to  draw  conclusions  from 
insufficient  observations:  twenty-three  samples  in  the 
year  is  quite  an  inadequate  treatment  of  the  Irish  Sea. 
There  are  various  other  statements  in  the  Blue-book  in 
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regard  to  the  distribution  of  species  in  the  Irish  Sea  which 
are  contrary  to  our  evidence ;  but  it  is  impossible  to  go 
into  all  these  cases  now.  Let  us  take  Temora  Umgicornis 
(Miiller)  as  a  final  instance.  As  the  result  of  the 
international  observations,  it  is  stated  that  "  in  the  Irish 
Sea,  it  can  be  said  to  be  a  summer  form  '' ;  while  the  fact 
is  that  on  our  records  it  occurs  the  whole  year  round  from 
January  to  December,  attains  to  high  numbers  in  early 
spring,  and  remains  fairly  abundant  into  late  autumn. 
It  reaches  close  on  7,000  in  one  haul  on  April  1st,  and 
19,000*  on  April  9th ;  and  shows  1,280  and  1,600  up  to 
the  23rd  of  September. 

Temora  longicornis  seems  to  be  equally  abundant 
inside  the  bay  and  in  the  open  sea,  on  the  surface  and  in 
the  deeper  waters.  Sometimes  the  large  numbers  are  in 
the  surface  nets  and  at  other  times  in  the  weighted  net 
from  below.  This  is  one  of  the  species  that  congregates 
in  swarms,  and  so  is  occasionally  caught  in  unusually 
large  numbers.  Of  four  similar  hauls  taken  across  Port 
Erin  Bay  on  April  13th,  the  first  two  gave  875  and  620 
and  the  last  two  1,550  and  3,700  specimens  of  Temora. 
On  the  same  date  three  hauls  (two  surface  and  one  deeper) 
taken  outside  (Station  III)  gave  800,  850  and  900 
specimens,  which  indicates  an  even  distribution,  but  half 
an  hour  later  a  couple  of  miles  away  the  same  two  surface 
nets  gave  2,400  and  4,750  specimens;  and  moreover  in 
this  last  case  nearly  all  the  Temora  in  the  2,400  were 
young,  while  in  the  second  net  the  4,750  were  all  adults, 
indicating  a  segregation  of  the  stages  in  swarms.  Many 
other  examples  of  both  agreement  and  divergence  between 
the  comparable  nets  could  be  given,  and  some  may  be 
seen  in  the  Forms  we  have  printed  in  this  Report. 

The  records  of  some  of  the  other  species  of  Copepoda 

*  These  numbers  quoted  are,  of  course,  the  highest  records. 


169 

on  our  Forms  will  probably  well  repay  analysis,  but  these 
must  now  be  left  over  for  another  occasion. 

Cladocera. 

The  two  species  of  this  group  found  in  our  district^ 
Podon  intermedium  and  Evadne  nordmnnni,  occur  mainly 
in  summer,  in  a  wide  sense,  ranging  from  the  end  of 
March  to  the  beginning  of  C)ctober.  Our  first  record  of 
Podon  is  six  specimens  on  March  26th,  and  the  last  is 
fifty  on  October  9th.  Evadne  begins  with  ten  on  March 
29th,  reaches  500  on  April  9th,  and  ends  with  50  on 
September  20th.  Tens,  twenties  and  thirties  are  common 
numbers  in  the  records  of  both  species,  but  sometimes  the 
hundreds  are  reached.  As  a  rule  there  is  no  great 
difference  between  surface  and  deeper  hauls,  and 
occasionally  there  is  great  constancy  of  results,  indicating 
an  even  distribution: — e.g.,  on  April  18th  at  Station  II. 

At  Station  II.  Surface  nets.      10  faths.  Shear. 

Podon  intermedium 160  160  —  — ■ 

Evadne  nordmanni  100  100  IGO  GO  GO 

On  April  19th,  in  the  bay,  two  similar  surface  hauls 
took  40  and  37  Podon,  and  75  Evadne  each;  and  at  the 
same  time,  at  Station  II,  ten  miles  off,  the  two  surface 
nets  took  40  Podon  and  75  Evadne  each.  Other  similar 
cases  might  be  quoted;  but  on  the  other  hand  there  are 
diverse  hauls  on  other  dates  showing  a  very  uneven 
distribution.  The  numbers  during  May  and  June  are 
relatively  high :  — 

Podon     190  80  IGO  100  100  IGO 

Evadne  60  80  300  300  300  600 

This  is  the  highest  point  reached  by  Evadne,  and  this 
form  is  practically  absent,  or  only  occasionally  present, 
during  the  latter  half  of  August  and  parts  of  September. 
Podon  reaches  a  climax  (500)  rather  later,  on  August 
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13tli,  and  soon  after  that  drops  to  tens  and  even  units, 
with  an  occasional  appearance  (August  31st,  200)  in 
greater  numbers.  During  most  of  September  the  group 
is  but  scantily  represented ;  although  neither  species  is 
ever  absent  for  long,  and  occasional  larger  numbers  occur 
— such  as  September  19th,  oft*  Calf  Island,  deep  net, 
Podon  70,  and  Evadne  100;  and  September  20th,  Station 
I,  shear  net,  Podon  110  and  290,  deep  net  140;  and,  at 
the  same  time,  inside  the  bay,  182.  On  September  23rd 
the  ordinary  surface  net  inside  the  bay  took  550  Podon, 
and  the  following  day  100,  after  which  the  numbers  fall 
off  rapidly. 

TOMOPTERIS. 

This  pelagic  worm  occurs  in  our  records  occasionally 
throughout  April,  and  then  again  in  August,  September, 
and  onwards  till  the  end  of  the  year.  It  is  not 
represented  on  our  Forms  during  January,  February, 
March,  May,  June  and  July ;  but  these  are  the  months 
when  only  weekly  gatherings  were  made,  and  the  question 
arises  whether,  if  as  many  hauls  had  been  taken  then  as 
in  April  and  August,  Tomopteris  might  not  have  been 
found. 

Our  first  record  of  Tomopteris  onisciformis,  Each., 
in  1907,  is  one  specimen  at  Station  II,  in  the  weighted 
net  (10  fathoms),  on  April  1st.  It  is  never  very  abundant, 
being  usually  taken  in  ones  and  twos,  and  generally  in 
the  deeper  nets — the  vertical,  the  weighted,  or  the  shear. 
This  last  net  caught  the  largest  numbers:  it  had  10 
specimens  on  April  26th,  85  on  September  19th,  95  and 
65  on  September  20th.  The  ordinary  surface  net  inside 
the  bay  got  25  on  August  15th,  and  6  the  following  day, 
and  the  weighted  net  had  14  on  September  19th  and  12  on 
September  20th.     From  that  time  onwards  to  the  end  of 
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the  year  the  numbers  are  under  10  at  a  time,  generally 
one  or  two  only. 

From  the  records  in  the  Blue-book  (Cd.  8837,  pp.  233, 
241)  it  seems  that  this  oceanic  form  occurs  com- 
paratively rarely  at  Plymouth  and  elsei^here  in  the 
English  Channel — at  Plymouth  on  three  dates  in  1904, 
and  on  two  only  in  1905.  Unfortunately  no  numbers  are 
given  in  the  Blue-book,  so  no  exact  comparison  can  be 
made ;  but  the  probability  is  that — looking  at  our  records 
of  frequent  occurrence  over  six  months  and  of  hauls 
extending  up  to  85  and  95  in  a  net — the  species  is  very 
much  more  abundant  in  the  Irish  Sea  than  in  the  English 
Channel — why,  then,  is  the  Irish  Sea  described  as  the  more 
'*  neritic  "  of  the  two? 

OiKOPLEURA. 

The  common  species  of  Oikopleura  that  occurs  in  our 
district  (0.  dioica)  is  also  a  form  which  deserves  special 
notice.  It  occurs  throughout  the  year,  being  present  in 
every  month,  and  represented  in  nearly  every  gathering. 
It  is  absent  or  rare  in  the  case  of  the  hauls  taken  on  a 
few  dates  between  August  24th  and  28th,  and  then  again 
on  September  4th  and  5th.  With  those  exceptions, 
Oihypletira  is  one  of  the  most  constant  of  organisms  at 
all  times  of  the  year,  and,  moreover,  is  usually  present  in 
quantities  that  range  within  narrow  limits,  so  that  it  does 
not  vary  to  the  extent  that  some  Copepoda  and  Diatoms 
do.  In  the  winter  months — December,  January,  February 
and  March— the  numbers  taken  are  low,  but  from  April 
to  November  inclusive  quantities  of  a  thousand  or  two 
per  net  are  very  frequently  taken>  The  highest  numbers 
occur  in  April,  and  they  only  reach  6,600  per  net,  so 
there  is  no  marked  maximum. 

In   some   cases  the  numbers  of   Oikopleura  remain 
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remarkably  constant  for  several  hauls,  indicating  a  very 
general  distribution  through  the  water.  For  example, 
in  one  traverse  of  Port  Erin  Bay  2,780  were  caught,  and 
in  the  return  traverse  2,030 ;  then  again,  two  adjacent 
hauls  gave  3,840  and  3,600  respectively,  and  another  pair 
of  simultaneous  hauls  gave  2,250  each.  But  on  the  other 
hand,  on  another  occasion,  two  successive  traverses  of  the 
bay  gave  5,050  and  2,480  respectively,  and  other  examples 
of  diverse  results  might  be  quoted  from  our  records.  But 
on  the  whole  the  impression  received  by  an  inspection  of 
the  Forms  is  that  Oikopleura  is  more  evenly  distributed 
through  the  water  than  most  of  the  other  common 
organisms. 

COMPARISON  OF  PORT  ERIX  BAY  WITH   THE 

OPEN  SEA. 

We  have  186  surface  hauls  taken  across  Port  Erin 
Bay  throughout  the  year,  from  January  8th  to  December 
30th.  All  months  are  represented,  and  nearly  all  weeks. 
January  is  the  only  month  in  which  less  than  three 
weekly  hauls  were  taken,  and  in  all  the  remaining  months 
except  February,  May  and  June  there  are  at  least  four 
weeks  represented.  During  April,  August  and  September 
the  observations  were  almost  daily.  In  the  open  sea, 
however,  surface  hauls  were  only  taken  when  the  yacht 
was  at  work  in  parts  of  March,  April,  August  and 
September.  Mr.  Douglas  Laurie,  who  has  kindly  helped 
us  by  preparing  some  of  the  curves  showing  distribution, 
has  made  a  comparison  for  April  between  the  hauls  taken 
(by  himself  with  the  assistance  of  others)  and  those  that 
were  being  taken  at  the  same  time  with  similar  surface 
nets  from  the  yacht  at  the  outside  stations.  The  hauls 
from  the  yacht  lasted  15  minutes  each.  Those  taken  in 
the  bay  consisted  of  a  double  traverse  which  occupied  on 
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the  average  20  minutes.  Consequently  the  numbers 
recorded  lor  the  latter  Beries  have  been  decreased  by 
one-fourth  each,  after  which  correction  we  consider  that 
they  are  fairly  comparable  with  the  others. 

We  give  here  (fig.  8)  an  unsmoothed  curve  for  the 
total  plankton  in  the  bay  throughout  the  year,  which 
ahows  well  the  great  spring  maximum  in  April  and  lesser 
elevations  in  June,  August  and  October,  When 
compared  with  the  list  of  quantities  given  above  for  the 


total  plankton  collected  daily,  or  with  the  curve  shown 
in  dotted  lines  here  (fig.  8)  for  the  plankton  of  the  open 
sea  taken  by  itself  in  spring  and  in  autumn,  it  will  be 
noticed  that  the  differences  are  not  very  great.  The 
spring  uiaximuui  is  rather  earlier  in  the  open  sea,  and 
does  not  rise  to  such  exceptional  heights  per  net.  In 
autumn  (August  and  September)  on  the  other  hand  the 
maximum  for  the  open  sea  is,  so  far  as  our  evidence 
shows,  rather  later  than  that  for  the  bay,  and  again  it 
does  not  rise  to  such  heights.  It  is  possible,  however, 
that  the  total  hauls  in  the  nyiem  seu,  j>er  uet,  are  kept 
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unduly  low  by  the  vertical  nets  bein^  averaged  along 
with  surface  and  other  quarter-hour  horizontal  ones. 
Occasionally  the  vertical  net^  (especially  the  Xansen) 
obtained  very  large  catches,  but  over  the  whole  they  may 
have  depressed  the  sea-average. 

The  great  majority  of  the  hauls  in  the  bay  were  taken 
along  a  line  crossing  from  S.  to  N.  starting  at  the  Life- 
boat slip  and  ending  at  Spaldrick  Creek,  and  this  was 
known  as  line  I. ;  while  a  second  traverse,  line  II,  only 
occasionally  made,  was  further  out  at  the  mouth  of  the 
bay,  opposite  the  ruined  breakwater. 

Looking  at  the  records  for  line  I  during  April,  when 
the  hauls  were  most  frequent,  we  find  on  the  whole  a 
decrease  in  Diatoms  as  the  month  goes  on,  associated  with 
a  rise  in  Copepoda.  As  a  general  rule  we  find  that  hauls 
rich  in  Diatoms  tend  to  be  poor  in  Copepoda,  and  vice 
versa;  and  our  records  show  that  the  change  may  take 
place  even  within  the  hours  of  a  day  in  the  shallow  water 
of  the  bay.  For  example,  consider  Form  25,  on  April 
13th,  when  the  first  pair  (a)  of  hauls  (A  going  North  and 
B  returning  South)  was  taken  (by  Mr.  Laurie)  in  the 
afternoon,  while  the  second  pair  (b)  was  taken  (by 
Professor  Herdman)  a  few  hours  later  in  the  early 
evening.  Although  a  is  a  smaller  haul  than  b,  it  contains 
more  than  three  times  as  many  Diatoms  and  nearly  three 
times  as  many  Copepod  Xauplii  and  later  larval  stages, 
but  less  than  half  as  many  adult  Copepoda.  There  had 
evidently,  then,  been  a  sudden  decrease  in  the  number  of 
Diatoms  (chiefly  Chaetoceros  contortvm),  and  a  certain 
amount  of  increase  in  the  adult  Copepods,  and  also  in 
Sagitta,  Crab  Zoeas,  and  Gasteropod  larvae. 

On  the  other  hand,  we  have  an  exception  to  the 
general  rule  that  Diatoms  and  Copepoda  do  not  abound 
together,  on  April  17th,  when,  compared  with  April  16th, 
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25.— Port  Erin  Bay,  April  13th. 


LA 
0 
26 

LB 
0 
24 

LA 

0 

28-6 

Bidiliilphia  mobilieiuiiL lO.OOO  S.000  2,600  3,000 

ChaetoceroB  contortum    82.000  33.000  SOO  9.000 

decipiena  2.000  3,000  —  LOOO 

CoscinodiwuB  concEiinuB 6,000  S.OOO  0,CO0  3,600 

RhiioBolenla  semiBpina    4,000  LOOO  —  600 

ThaksBiosira  nordenskiDldii ..  6,000  _  _  _ 

BubtUiH    12.000  0,000  LSOO  24,000 

Lauderia  borealts  d.OOO  LOOO  —  500 

Ceratium  fiifluB —  2,000  —  360 

Iripos  3.000  _  _  _ 

Pleurobrachift  pileus     —  —  3  — 

Medusoid  gonophoree  70  30  —  100 

Sagitta  bipunctata    3  4  14  10 

Larval  Polyr-hoeta    LOOO  600  2.000  6SD 

'■  Mitriu-ia  ■•    600  —  100  300 

Crab  Eoea   —  —  —  20 

MysiB  ^tn^.-  i.f  (Vnngim    30  IS  100  150 

Other  ?nrvnl  D.'r,,].,..h 100  100  —  — 

Podon  irii.riix'di 26  16  100  — 

Evadne  nordmanni   25  16  300  — 

Calanua  helKolaniiiruK  200  76  300  350 

P-     '  1,500  1,600  3,700  2.150 


Oithana  rimilia 676  475  1,000  300 

ParaiialBimsp.rTUH 175  130  —  — 

Copepod  nuuplii 21.000  9.000  4.000  7.000 

jUY 23.000  11,000  6.600  18.000 

BsTiiacle  natiplii    3.500  2.750  4,300  6.000 

eyprisittaffc  40  30  200  300 

tlaMeropods.  Intrnl  —  —  1.000  600 

Oikoplpi.rn  r-p    l.SOO  1,800  2JS00  3.000 

FIbIi  egga — 

Rockling     _  2  —  2 

Gtwn  Cod  1  _  _  _ 


Spotb 
Topkr 


potted  Diagonot 

Topknot 

Sprat  

Young  fisbeii — 

Oadoid    

CottUB        
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32,  36.— Port  Erin  Bay,  April  Ifith.        April  17th. 


Net  used     LA  LB  LA  LB 

Depth  in  fathoms  0  0  0  0 

Catch  in  com 20  16  26  25 


Biddulphia  mobiliensis    36,000 

Chaetoceros  contortum    3,000 

„            decipiens  — 

Cosoinodiscus  concinnus  17,000 

Rhizosolenia  semispina    500 

„            shrubsolei  — 

Thalassiosira  nordenskioldii  1,000 

Lauderia  borealis — 

Oeratium  fusus — 

„         tripos    — 

Peridinium  sp 1,500 

Medusoid  gonophores  3 

Sagitta  bipunctata    10 

Larval  Polychaeta    300 

**Mitraria"    — 

Crab  zoea   2 

Mysis  stage  of  Crangon    — 

Nephrops,  1st  stage — 

Calanus  helgolandicus 150 

Pseudocalanus  elongatus     . . .  800 

Temora  longicomis  4,600 

Centropaffes  hamatus  100 

Acartia  cTausi     1,250 

Oithona  similis 250 

Anomalocera  juv 50 

Copepod  nauplii    6,000 

juv 10,000 

Barnacle  nauplii    1,000 

„         cypris  stage  200 

Oikopleura  sp 2,250 

Fish  eggs — 

Rockling     — 

Common  Dragonet   2 

Bib  1 

Topknot 1 

Sprat   — 

Dab     — 

Young  fishes — 

(3upeoid     

Gadoid    


40.000 

57.000 

85,000 

1,000 

8,000 

6,000 

— 

5.000 

5.000 

23,000 

22.000 

20.000 

— 

1.000 

— 

— 

2.000 

1,000 

2.000 

2.000 

— 

— 

500 

500 

500 

1,000 

— 

3.000 

2,000 

1.000 

3 

64 

92 

10 

30 

15 

300 

2,100 

920 

— . 

500 

5 

1 

1 

2 

2 

— 

1 

1 

50 

240 

130 

350 

1.800 

980 

2,800 

6,000 

4.400 

50 

16 

8 

800 

625 

720 

100 

210 

530 

50 

— - 

— 

11,500 

40,000 

26,000 

12,000 

15,000 

16,000 

350 

2,100 

920 

200 

80 

80 

2,250 

2.850 

2.400 

4 
3 

1 

2 
3 

1 

— 

1 

^t^am 

2 

2 

— . 

._ 

1 

— 

1 

2 

both  Diatoms  and  Copepoda  had  increased  considerably 
(see  Forms  32,  36). 

Copepod  Nauplii,  however,  seem  to  rise  and  fall  in 
number  ou  the  same  dates  as  the  Diatoms;   but  on  the 
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whole  the  Copepod  NaupHt  increase  to  a  maximum  on  April 
l~th,  when  they  are  exceplionally  numerous  (see  Form 
36],  and  then  fall  ofE,  bo  that  the  numhers  at  the  end  of 
the  month  are  much  the  same  aa  those  at  the  beginning 
nf  the  period  under  observation. 

It  is  clear  then  that  the  problem  of  the  periodic 
distribution  of  these  various  organisma  is  not  quite  so 
simple  as  might  have  been  expected.  There  are  probably 
three  distinct  factors  at  work  : — (1)  the  periodicity  of  the 
stages  in  the  normal  life-history  of  the  organism ; 
(2)  irregularities  introduced  by  the  inter-action  of  the 


Pio.  9, 
organisms,  as  when  one  group  aerves  as  food,  or  enemy 
of  another;  and  (-Jj  abnormalities  as  to  either  time  or 
abundance  caused  by  weather  conditions,  which  may 
either  prevent  (he  normal  or  permit  of  an  abnormal 
development  of  certain  species. 

Mr.  Laurie  has  kindly  drawn  for  us  the  accom- 
panying <urve  (fig.  9)  representing  our  results  as  to  the 
Diatoms  in  the  bay  compared  with  those  from  the  open 
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It  will  be  noted  that  the  general  character  of  the 
curves  is  similar,  though  the  catch  in  the  bay  is 
consistently  greater  than  that  at  sea.  The  less  sudden 
diminution  in  the  number  of  Diatoms  in  the  bay  from 
April  10th  to  April  17th  will  be  observed,  and  the  sudden 
drop  which  then  follows,  bringing  the  curves  close 
together  by  the  23rd  of  the  month. 

The  numbers  of  the  total  Diatoms  from  the  hauls  in 
the  open  sea  during  a  month  in  spring  are  as  follows :  — 


Average 

3-day 

Date. 

Hauls. 

per  haul. 

average.* 

Mar.  29 

4 

46,162 

April    1 

3 

103,333 

111,998 

2 

2 

187,600 

209,055 

4 

4 

336,333 

198,722 

6 

2 

72,333 

230,111 

8 

3 

281,667 

142,133 

9 

5 

72.400 

136,133 

10 

6 

54,333 

56,678 

11 

4 

43,000 

44,176 

13 

6 

35,192 

32,811 

16 

4 

20,240 

23,465 

16 

8 

14,962 

16,651 

18 

4 

14,760 

13,237 

19 

4 

10.000 

8,349 

22 

4 

297 

3,746 

23 

6 

942 

561 

24 

4 

416 

661 

25 

6 

625 

1.780 

26 

4 

4,300 

3,880 

27 

■> 1  t      At                                  t 

7 

6,714 

it 

*  By  "three-day  averages"  is  meant  taking  always  the  average  of 
the  three  adjacent  days  upon  which  catches  were  made,  i.e.y  the 
average  of  the  Ist,  2nd  and  3rd,  then  of  the  2nd,  3rd  and  4th,  then  of 
the  3rd,  4th  and  5th ;  and  so  on. 


Bay  Diatoms  throughout  the  Year. 

A  general  inspection  of  the  unsmoothed  curve  shows 
a  well-marked  maximum  at  the  end  of  March  and  earlier 
part  of  April.  The  marked  increase  of  Diatoms,  and 
also  of  Copepod  nauplii,  towards  the  end  of  March  is  seen 
well  in  the  surface  hauls  taken  in  Port  Erin  Bay  on  the 
following  three  dates :   - 


March  37. 

Match  9!) 

18-5  O.C. 

277,000    .. 

326.000 

80.000    .. 

58.000 

8.000    .. 

150.000    .. 

180.000 

67.000    .. 

75,000 

27.000    .. 

35.000 

March  26. 
12  C.C. 
ToUl  DiatomB  =     220,000 

Biddulphia  mobilieiuiB. 46.000 

Chuetoceros  dobile    6,000 

decipiene  100,000 

CoscinodiBcus  conctnnuB  64,000 

Copepod  nauplii    7,000 

We  have  only  quoted  those  species  of  Diatoms  which  are 
present  in  greatest  abundance  and  which  make  up  the 
bulk  of  the  catch.  All  are  included  in  the  totala  giTen. 
There  is  also  an  autumn  maximum  showing  a  very  high 
peak  at  the  end  of  September.  Umitting,  however,  the 
single  catch  of  September  30th  (which  ia  due  in  the  main 
to  Rhizosolenia  semispina)  the  peak  is  reduced  to  less  than 
one-third  its  former  height.  A  remarkable  feature  of  this 
September  hump  is  the  sudden  character  of  its  appearance 
and  disappearance  and  its  short  duration  (six  days).  An 
inspection  of  the  temperature  curve  of  the  year  for  the 
water  of  the  bay  (fig.  10)  shows  that  the  sudden  increase 


in  the  phytoplankton  coincided  with  the  maximum  in 
temperature,  and  our  weekly  weather  records  at  the 
Biological  Station  »how  at  that  same  time  a  week  of  fine 
calm  weather  with  easterly  breezes  {S.E.  and  E.S.E.).  We 
have  noticed  the  same  phenomenon  in  previous  years,  both 
at  Fort  Erin  (iiid  on  the  west  count  of  Scotland,  which 
seems  to  indicate  that  if  weather  conditions  be  suitable  at 
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122,  123.— Port  Erin  Bay,  October  Ist  and  14th, 

November  8th.     Surface. 


Oct.  1        Oct.  14        Nov.  8 

Depth  in  fathoms     0  0  0 

Catch  in  c.cm 1*5  11*5  6 


Biddulphia  mobiliensis 500               —           5,600 

Ohaetooeros  contortum    2,750               —              300 

debUe    600                —                — 

„            decipiens  3,500               —           a,000 

„            sooiale  3,250                —              400 

„            teres 2,000               —       146,000 

„            densum     3,250                —              400 

„           boreale 750               —               — 

„        ,    subtile  250               —                — 

„            diversum  750               —                — 

Coscinodiscus  concinnus —                —           1,800 

Rhizosolenia  semispina    68,300                —              400 

„            alata       1,000                —                — 

„            shrubsolei  2,500                —                — 

Coscinodiscus  radiatus     500                —           1,000 

Bacteriastrum  sp. , 250                —                — 

Guinardia  flaccida    1,000 

Streptotheca  sp — 

Ceratium  tripos     — 

Medusoid  gonophores  2 

Sagitta  bipunctata    5 

Tomopteris  onisciformis  — 

Larval  Polvchaeta    — 

**Mitraria^'    — 

Crab  zoea       — 

Mysis  stage  of  Crangon    1 

Erythrops  sp — 

Microniscus  calani — 

Calanus  helgolandious — 

Pseudocalanus  elongatus     220 

Temora  longicomis  — 

Centropages  hamatus  — 

Anomalocera   pattersoni     — 

Acartia  clausi    275 

Oithona  similis 485 

Paracalanus  parvus 30 

Microcalanus  pusillus   35 

Parapontella  brevicomis — 

Isias  clavipes     — 

Copepod  nauplii    2,500 

„       juv 500 

Gasteropods,  larval  250 

Lamellibranchs,  larval     — 

Oikopleura  sp 50 


— 

300 

— 

100 

— . 

200 

3 

20 

190 

56 

8 

1 

250 

-^ 

250 

100 

10 

— . 

20 

1 

50 

^^^ 

2.700 

85 

8,100 

1,350 

70 

8 

150 

2 

1 

650 

1.770 

12,600 

6.170 

3,300 

1,450 

100 

30 

_ 

190 

1 

6,600 

3,200 

23,000 

4,500 

— 

300 

1,250 

300 

725 

675 
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the  end  of  autumn  the  phytoplankton  may  suddenly 
increase  so  as  to  constitute  a  second  maximum  in  the 
year,  the  first  being  in  spring;  but  that  this  possible 
maximum  may  be  so  modified  in  time  and  in  amount 
by  temperature  and  wind  as  to  be  unrecognisable.  In 
1906  it  was  very  much  more  marked  at  Port  Erin  (see 
XXth  Ann.  Report,  p.  53)  than  in  1907,  and  extended 
from  September  20th  to  the  end  of  the  month. 

The  phytoplankton  minimum  for  the  bay  occurs  in 
August,  no  Diatoms  being  taken  from  August  9th  to 
August  23rd  (see  curve),  though  nettings  were  taken  on 
all  days,  except  three,  included  between  these  dates. 

As  an  example  of  a  sudden  change  in  the  plankton 
we  may  compare  the  surface  hauls  taken  in  the  bay  on 
October  1st  and  14th  (see  Form  122).  The  total  quantities 
of  the  two  gatherings  were  1*5  and  11*6  respectively;  on 
the  Ist,  Diatoms  were  relatively  abundant  (over  91,000); 
by  the  14th  they  had  disappeared.  But  Sagitta  and 
various  larvae,  and  especially  Copepoda,  had  greatly 
increased  in  number  by  the  latter  date.  The  adult 
Copepoda  in  all  numbered  only  1,045  on  the  1st,  while 
they  reached  27,790  by  the  14th ;  younger  forms  and 
Xauplii  had  also  become  much  more  abundant.  By 
November,  however,  the  Diatoms  were  back  in  quantity, 
as  is  shown  by  the  third  column  (November  8th),  and 
Copepoda  have  begun  to  decrease  again. 

Bay  Copepoda  throughout  the  Year. 

Copepoda  are  fairly  abundant  in  Port  Erin  Bay  from 
April  to  November  inclusive,  but  there  are  considerable 
ups  and  downs,  the  number  per  haul  varying  often  on 
successive  days  within  very  wide  limits. 

The  curve  (fig.  11)  shows  a  gradual  increase  from  the 
latter  part  of  March  through  April,  then  (with  depressions 


in  the  beginning  of  May  and  the  end  of  August)  there 
are  succesaive  humps  in  June,  early  August  and 
September  leading  to  the  maximum  in  October.  This  is 
followed  by  a  rapid  fall  in  November,  and  the  minimum 
extends  through  December,  January  and  February,  the 
numbers  commencing  to  rise  again  in  March.  On 
comparing  the  two  curves  it  will  be  noticed  that  the  April 
maximum  for  Copepoda  ia  distinctly  later  than  that  for 
Diatoms,  and  that  again  the  October  maximum  for 
Copepoda  follows  after  the  September  increase  of  Diatoms. 
To  a  less  extent  throughout  the  rest  of  the  year  the  two 
curves  are  complementary  with  the  exception  of  late 
August  and  early  September,  when  both  are  low. 


rap^ips^rpMipi 


CiRBiPEDE  Larvae  ik  Bay. 
The  Nauplius  and  Cypris  stages  of  Balanus  form  an 
interesting  study.  The  adult  Balani  are  present  in 
enormous  abundance  on  the  rocks  of  Bradda  Head,  and 
they  reproduce  in  winter,  at  the  beginning  of  the  year. 
The  Nauplii  first  appeared  in  1907  in  (he  bay  gatherings 
on  February  22nd,  and  increased  with  ups  and  downs  to 
their  maximum  on  April  15th,  and  then  decreased  until 
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their  disappearance  on  April  26th.  None  were  taken  at 
any  other  time  of  the  year.  The  "  Cypris  "  stage  foilowB 
on  after  the  Kauplius.  It  w  iirsi  taken  in  the  bay  on 
April  6th,  rises  to  its  maximun]  on  the  same  day  with  the 
Nauplii,  and  was  last  caught  on  May  24th.       Fiffwre  12 


shows  the  curves  for  these  two  successive  larval  etages. 
It  will  be  noticed  how  the  "  Cypris  "  curve  keeps  below 
that  of  the  Xauplius,  the  maxima  being  1,740  and  10,500 
respectively.  Probably  the  difference  between  the  two 
curves  represents  the  death-rate  of  the  Balani  during  the 
Nauplius  stage. 

Sagitta  in  Bay. 
The  numbers  of  SagUta  hipunctata  obtained  in  the 
bay  catches  throughout  the  year  run  as  follows  per  haul: 
—Jan.,  8:  Feb.,  1:  Mar.,  1;  Apr.,  8,  T,  24,  16,  20,  45. 
15,  7,  61,  39,  20,  5,  4 ;  May,  6,  100,  20 ;  June,  95,  30,  16 ; 
July,  3,  35,  40,  425;  Aug.,  75,  100,  1,000,  200,  600,  1,800, 
800,  700,  8,  54,  65.  63,  76;  Sept.,  16,  10,  40,  20,  20,  3, 
26,  70,  50,  100,  10.  32,  50,  10;  Oct.,  5,  10,  190,  90; 
Nov.,  324,  56.   1;    Dec.,   1,  8,  50.       Fig.  13  shows  the 
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curve  drawn  from  these  numbers,  showing  the  more 
prominent  humps  in  the  height  of  summer  and  again  in 
October-November.  Sa^itta  is  present  throughout  the 
year;  it  is  most  abundant  in  August,  and  the  minimum 
occurs  in  winter  (January  to  March). 

We  have  not  yet  made  a  curve  for  the  occurrence  of 
SagiUa  outside  the  bay,  but  so  far  as  an  inspection  of  the 
numbers  shows  the  result  would  not  differ  materially 
from  that  given  above.  Those  nets  that  are  comparable 
give  much  the  same  run  of  numbers.  As  showing, 
however,  the  difference  produced  by  a  larger  net  of  wider 


mesh,  we  iind  that  during  April,  when  the  hauls  with  the 
ordinary  tow-nets  were  giving  units  and  tens,  those  taken 
at  the  same  time  with  the  shear-net  ran  into  hundreds, 
as  follows:— 360,  123,  286,  310,  200,  200,  400,  400,  300, 
800,  60.  The  faft,  however,  that  the  weighted  tow-net, 
not  invariably,  but  usually  took  a  much  larger  number 
than  the  similar  surface  nets  shows  that  SagiUa  is  usually 
more  abundant  in  a  zone  of  water  below  the  surface, 
extending  down  to  ten  fathoms,  and  that  consequently  the 
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much  greater  numbers  obtained  by  the  shear  net  may  be 
due  not  wholly  to  the  size  of  the  net  and  mesh  but  in  part 
to  the  depth  at  which  it  wa&  worked. 

We  give  the  following  list  as  examples  to  show  the 
difference  in  numbers  of  Sagitta  caught  by  the  surface 
(0  fathoms)  and  the  weighted  (10  fathoms)  nets :  — 

10 

fatha. 

27 
125 


0     10 

0     10 

0     10 

0     10 

0 

faths.  faths. 

faths.  faths. 

faths.  faths. 

faths.  faths. 

faths. 

6  ...  20 

1  ...  30 

1  ...  16 

6  ...  22 

2  ... 

1  ...  6 

3  ...  11 

4  ...  28 

15  ...  85 

24  ... 

1  ...  8 

12  ...  27 

1  ...  200 

3  ...  17 

-^  ... 

0  ...  24 

2  ...  40 

1  ...  28 

4  ...  240 

-^  ... 

2  ...  10 

2  ...  23 

2  ...  62 

4  ...  30 

—  ... 

We  have  occasional  evidence  from  the  closing  nets 
that  Sagitta  is  even  more  abundant  in  deeper  water  still. 
For  example,  on  April  9th,  at  Station  II,  the  surface  net 
took  one  specimen,  the  weighted  net  at  ten  fathoms  took 
eight,  and  the  Nansen  net,  which  had  been  worked 
through  twenty  to  ten  fathoms,  took  ten.  On  the  other 
hand,  we  have  a  few  cases  in  which  Sagitta  was  more 
abundant  on  the  surface,  e.g.,  on  September  9th,  the 
weighted  net  at  ten  fathoms  took  eight,  and  the  two 
surface  nets  took  25  and  86  respectively.  As  another 
example  of  the  results  obtained  with  different  nets  we 
quote  the  figures  from  September  19th,  as  follows: — the 
surface  nets  took  two  and  six,  the  Hensen  (hauled  up 
vertically  through  twenty  fathoms)  two,  the  Nansen 
(vertical,  twenty  fathoms)  one,  the  weighted  net  (ranging 
to  ten  fathoms)  126,  and  the  shear  net  (about  ten  fathoms) 
1,020  specimens. 

Other  Larval  Forms  in  Bay. 

Echinoderm  larvae,  Molluscan  larvae  and  the  Zoea 
and  Megalopa  stages  of  crabs  and  some  other  larval  forms 
are  sporadic  in  their  occurrence.  They  are  only  caught 
in  abundance  on  rare  occasions,  and  this  is  of  course  a 
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result  simply  of  the  reproductive  phases  in  the  life-history 
and  has  no  connection  with  hydrographic  conditions. 
The  adults  are  gregarious  and  spawn  at  much  the  same 
time,  the  larvae  hatch  out  in  myriads  at  about  the  same 
time,  and  may  then  be  caught  in  quantities.  A  notable 
example  of  this  is  the  case  described  in  the  XXIst  Annual 
Report  of  the  Liverpool  Marine  Biology  Committee,  p.  37, 
of  an  enormous  haul  of  Zoeas  taken  on  April  1st,  at  Station 
m,  in  a  very  limited  area — the  same  net  hauled  a  couple 
of  minutes  before  having  caught  none.  Twenty-two 
thousand  crab  Zoeas  were  taken  by  the  various  nets  on 
that  occasion  in  about  seven  minutes. 

Inside  the  bay  the  largest  hauls  of  crab  Zoeas  are 
200  and  300  on  August  14th  and  15th.  They  are  practi- 
cally absent  from  November  to  March  inclusive,  and 
during  the  remainder  of  the  year  occur  rarely,  in  very 
small  numbers. 

"  Mitraria  "  larvae  are  abundant  in  the  earlier  part 
of  the  year,  and  then  again  in  winter — ^the  range  being 
from  October  to  the  end  of  April,  with  a  maximum  of 
1,760  per  haul  in  February.  They  are  only  occasionally 
found,  and  in  small  numbers,  from  May  to  September. 

Polychaete  larvae  are  more  generally  distributed  and 
more  abundant  throughout  the  year.  They  reach  a 
maximum  in  April,  when  the  numbers  per  haul  between 
April  10th  and  23rd  are,  260,  1,500,  2,650,  3,800,  600, 
3,020,  1,330,  2,605,  700.  They  did  not  occur  for  some 
days  in  the  middle  of  August,  and  the  numbers  were 
usually  low  in  November,  December  and  January,  but 
throughout  the  rest  of  the  year  the  general  run  of  the 
figures  is  several  hundreds  per  haul,  occasionally  reaching 
a  thousand. 
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Fish  Eggs  in  Bay. 

Floating  fish  eggs  (containing  embryos)  begin  to 
make  their  appearance  early  in  April  in  the  bay  and 
remain  low  in  number  (mostly  under  ten  per  haul)  up  to 
the  middle  of  the  month.  There  is  a  sudden  rise  in  the 
Rockling  eggs  on  April  18th  (to  43  per  haul),  followed 
by  a  much  more  marked  rise  on  the  22nd,  and  the 
numbers  remain  relatively  high  until  the  25th  (reaching 
a  maximum  of  600  per  haul  on  the  23rd),  after  which 
they  fall  off  rapidly  and  remain  low  in  number  and 
occasional  in  occurrence  throughout  the  summer  and 
autumn  until  September.  The  other  fish  eggs  in  the  bay 
follow  much  the  same  course  as  the  Rockling  eggs, 
appearing  at  the  same  date,  remaining  low  for  the  same 
period,  rising  at  the  same  time,  though  to  a  much  less 
degree — the  maximum  being  76  per  haul — and  then 
falling  off  rapidly  to  a  low  level  which  remains  through- 
out the  summer. 

VERTICAL  DISTRIBUTION. 

We  have  already  shown  above  that  our  weighted  open 
tow-net,  ranging  from  about  ten  fathoms  up  to  the  surface 
during  fifteen  minutes,  usually  captured  a  larger  quantity 
of  plankton  than  the  exactly  similar  surface  nets  hauled 
at  the  same  time  within  a  foot  or  two  of  the  surface. 
This  weighted  net  also,  in  most  cases,  caught  more  than 
the  two  vertical  closing  nets  **  Ilensen  *'  and  **  Xansen  '* 
(which,  however,  are  not  exactly  comparable  in  size,  either 
with  the  open  tow-nets  or  with  one  another,  see  p.  188) 
hauled  up  as  a  rule  through  the  zone  of  water  from  twenty 
fathoms  to  ten  and  then  closed.  In  those  cases,  early  in 
April,  when  either  the  Hensen  or  Xansen  net  showed  a 
larger  catch  than  the  weighted  net,  the  great  bulk  is  seen 
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to  be  due  to  an  excess  of  Diatoms  in  the  vertical  closing 
nets — thus  showing  that  the  protophyta  are  more 
abundant  at  that  time  in  the  lower  layers  of  water. 
Larger  organisms  such  as  Medusae,  Sagitta,  Copepoda, 
Larvae  and  Fish  Eggs  are  more  abundant  in  the  surface 
and  the  weighted  nets — and  more  in  the  latter  than  in  the 
former.  We  also  find  that,  using  similar  open  tow-nets, 
a  net  towed  at  a  depth  of  a  fathom  or  so  catches  more 
than  one  on  the  surface.  At  the  time  of  the  phyto- 
plankton  maximum  in  spring  it  seems  from  the  evidence 
of  these  various  nets  that  the  Diatoms  are  present  in  an 
increasing  ratio  as  one  descends  from  the  surface  to  at 
least  twenty  fathoms;  but  that  the  Copepoda  and  other 
larger  forms  are  most  abundant  in  a  zone  within  ten 
fathoms  of,  but  below,  the  surface — probably  in  some 
cases  only  a  fathom  or  two  below  it.  For  example  we 
may  quote  the  following  particulars  from  Form  28,  April 
13th,  which  is  not  an  extreme  case,  as  the  Diatom 
maximum  is  then  past :  — 

Surface  nets.    Weighted  net.   Hensen.  Namsen. 

(10-0  f.)      (20-10!.)  (20-101) 

Total  Diatoms    ...    6,500         6,650         11,000  96,000  290,000 

Total  Copepoda  ...    1,970         1,880  3,180  66  335 

Here  the  Diatoms  are  clearly  most  abundant  in  the  depths 
and  thin  upwards ;  while  the  Copepoda  are  more  abundant 
above  and  most  abundant  of  all  a  few  fathoms  below  the 
surface.  Many  of  the  Forms  about  this  date  show  similar 
results.  Later  on,  when  the  Diatoms  have,  become  much 
less  abundant,  the  vertical  closing  nets  bring  up  very 
little  from  the  lower  zones  of  water  and  are  surpassed  by 
all  the  other  nets,  e.g. — 

Surface  nets.      Hensen.  Nansen.    Weight. 

April  24— Station  1 205  15o  0*5  2  16     c  c. 

24— Station  II 7  15  3  5  17  5  c.c. 

25— Station  III 5-5           45  15  2  20     c.c. 

25— Station  V 8              75  1  2-5  9*6  c.c 

26— Station  V 4              45  05  075  8     c.c. 

Aug.  21— Station  1 3  3  0*5         2  6*6  c.c 
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The  last  line  shows  that  the  same  general  proportions 
hold  good  in  the  latter  part  of  August,  when  the  catch  is 
composed  almost  wholly  of  Copepoda. 

In  August  some  vertical  hauls  to  the  surface  were 
made  with  the  Hensen  and  Nansen  nets  out  in  deep  water 
((iO-70  fathoms),  in  mid-channel  between  the  Isle  of  Man 
and  Ireland,  for  comparison  with  similar  hauls  where  the 
net  was  closed  after  having  traversed  some  definite  zone 
of  water;  and,  as  would  be  expected,  the  complete 
vertical  hauls  generally  gave  a  larger  result  than  the 
partial  ones— except  in  a  few  cases  where  the  haul  was 
vitiated  from  the  net  apparently  having  gone  so  near 
bottom  as  to  have  taken  in  some  mud  stirred  up  by  the 
weight. 

Aug.  24— Station  A.— NanBen,  60-60  faths.  =03;     60-35  faths.   =0'5  c.c. 

24— Station  B.—      „        60-46 

26— Station!.—       „        26-16 

31-        „        -      „        24-10 

31—        „        — Henaen,  24-10 
Sept.    3—        „        —      „        20-10 

3—  „  —Nansen,  20-10 
4— Station  A.—  „  60-30 
4— Station  B.—      „        60-30 

4—  „        —Henaen,  60-30 

There  were  also  hauls  on  the  last  date  through  the 
zone  60-50  which  showed  still  smaller  amounts,  0*05  to 
0*1  c.c.  An  attempt  was  made  to  discriminate  more 
minutely  between  the  zones  on  a  few  occasions — e.g. 
September  12th,  in  65  fathoms. 

60-60         60-30         60-0  30-20         20-10         10-6 

Henaen    01  01  0*26  01  016  026 

Nansen    02  03  12  0*15         OS  0*2 

These  and  other  hauls  confirm  the  opinion  we  arrived 
at,  from  the  use  of  the  open  horizontal  tow-nets  at 
different  depths,  that  the  most  abundant  zone  of  life  is 
about  ten  fathoms,  or  between  that  and  the  surface — say, 
between  ten  and  five  fathoms. 


=0-2; 

60-0 

=  1      „ 

=0-26; 

26-0 

=  1      „ 

=0-7; 

24-0 

=  1-6  „ 

=0-3; 

24-0 

=0-6   „ 

=0-26; 

20-0 

=0-76  „ 

=0-6; 

20-0 

=0-7  „ 

=0-6; 

60-0 

=  1              M 

=  0-3; 

60-0 

=0-76,, 

=0-4; 

60-0 

=0-6  „ 
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Finally,  we  used  the  "  Mill "  water-bottle  on  several 
occasions  to  get  samples  from  three  exact  depths,  with  the 
following  results :  — 
Sept.  17th—  20  fatha.         10  laths.  5  laths. 

Total  organisms    63                 103  40 

Total  Diatoms  47                   83  29 

Total  DinoflageUata 3                   12  6 

Total  Copepoda    3                     8  5 

Chaetoceros  teres 13  1 

„          densum 2                     4  2 

Rhizoeolenia  semispina    25                   37  16 

stolteifothi 12                   26  9 

Coscinodiscus  radiatus     12  1 

Ceratium  luroa 17  1 

lusus 2                     3  2 

Sept.  18th— 

Chaetoceros  teres 7                     11 

Rhizoeolenia  semispina   100                 300                 200 

,,            shrubsolei  112 

,,            alata    0                     2                     4 

,,            stolteifothi     ...  1                      1                      2 

Coscinodiscus  radiatus     112 

Total  DinoflageUata     11                   32                     9 

Pseudooalanus  elongatus     ...  3                     4                     6 

Total  Copepoda     7                     6                    10 

Copepod  nauplii    10                   20                   30 

Sept.  20th— 

Chaetoceros  subtile  5  35  130 

Rhizoeolenia  semispina   125  610  4,200 

alata    1  6  40 

shrubsolei   0  2  10 

,,          stolteifothi     ...  1  4  10 

Total  DUtoms  132  672  4,470 

Total  DinoflageUata     3  59  30 

Copepod  nauplii    1  18  60 

These  results  are  fairly  consistent,  and  indicate  a 
more  abundant  fauna  in  all  groups  at  either  ten  or  five 
fathoms  than  at  twenty.  On  the  17th  the  fauna  was  at 
a  lower  level ;  the  ten-fathom  zone  had  over  twice  as  much 
as  the  others,  and  the  twenty  was  a  little  over  the  five. 
On  the  18th  also  the  fauna  at  ten  fathoms  predominated, 
but  that  at  five  fathoms  came  easily  second.  On  the  20th 
the  five-fathom  fauna  was  much  the  most  abundant  and 
the  ten-fathom  came  next.  It  seems  as  if  during  these 
days  the  centre  of  density  was  moving  slowly  upwards. 

These  observations  should  be  repeated  and  extended, 
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but  80  far  as  they  go  they  tend  to  establish  the  conclusion 
stated  above  as  to  the  distribution  of  at  least  some 
elements  of  the  plankton  in  zones  of  depth. 

HORIZONTAL    DISTRIBUTION. 

It  is  clear  from  an  inspection  of  the  Forms  recording 
the  650  hauls  now  before  us,  that  a  much  more  detailed 
analysis  than  we  can  possibly  give  them  before  the 
publication  of  this  Annual  Report,  will  be  necessary  in 
order  to  arrive  at  any  definite  conclusions  as  to  the  relations 
between  the  results  obtained  horizontally  at  the  different 
localities  and  dates.  We  recognise  that  we  are  far  from 
having  exhausted  the  information  to  be  derived  from 
these  records ;  and  the  horizontal  distribution,  along  with 
many  other  details  of  interest  which  we  have  noticed  in 
the  course  of  our  work,  must  remain  for  some  future 
occasion. 

A  mere  inspection  of  the  Forms  shows  in  some  cases 
close  resemblances  between  adjacent  stations  (such  as  I 
and  II)  on  the  same  day,  or  between  adjacent  days  at  the 
same  station,  and  in  other  cases  just  as  striking 
differences.  How  far  these  points  of  similarity  and  of 
divergence  are  normal  and  are  fundamental,  or  how  far 
they  are  due  to  wind,  sun,  and  other  weather  conditions, 
or  to  tidal  and  other  currents,  will  require  detailed 
consideration. 

We  have  several  times  been  struck  by  the  largeness 
of  the  hauls  obtained,  under  very  difficult  conditions,  in 
the  strong  tidal  currents  that  race  round  the  Calf  Island. 
Such  hauls  are  especially  rich  in  Copepoda  and  other 
larger  organisms  of  the  plankton,  and  this  observation  is 
co-related  with  the  well-known  richness  of  the  bottom 
and  the  littoral  faunas  in  that  same  region,  and  agrees 
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with  what  has  been  recognised  by  naturalists  for  many 
years,  that  strong  currents  are  favourable  to  a  profuse 
development  of  animal  life. 

A  further  point  that  has  struck  us  in  the  progress  of 
this  investigation  is  the  obvious  distribution  of  at  least 
some  organisms  in  shoals.  This  can  occasionally  be  seen 
by  the  eye,  when,  for  example,  shoals  of  large  Medusae 
are  encountered  which  are  so  abundant  for  a  limited  area 
that  on  a  calm  day  they  may  cover  the  surface  like  a 
tessellated  pavement,  and  assume  polygonal  forms  from 
mutual  pressure.  On  other  occasions  our  nets  have 
evidently  encountered  swarms  of  Copepoda,  of  Cirripede 
Nauplii,  of  Crab  Zoeas,  of  worm  larvae  or  of  other 
organisms.  One  might  expect  such  results  in  the  case  of 
neritic  forms,  which  are  merely  stages  in  the  life-history 
of  some  gregarious  organism ;  but  the  occurrence  is  by  no 
means  confined  to  such,  it  extends  in  our  experience  to 
oceanic  orgauisms  on  the  high  seas,  and  this  sporadic 
distribution  in  swarms  has  not  been  sufficiently  taken  into 
account  by  some  writers  who  have  treated  of  the 
distribution  of  the  plankton  in  recent  years. 

The  enormous  quantities  of  the  Diatom  Thala^siosira 
nordenshioldii,  Cleve,  in  our  collections  early  in  April 
(e.g.  on  April  4th  1,750,000,  on  April  5th  2,000,000,  on 
April  8th  1,350,000  in  single  hauls)  are  a  noteworthy 
feature.  According  to  Gran  (**  Nordisches  Plankton,*' 
Ldef.  Ill,  xix,  p.  16),  this  is  a  northern  species 
found  on  the  coasts  of  Northern  Europe  and  the 
east  coast  of  America.  We  have  not  met  with  it  in 
the  Irish  Sea  before.  It  might  be  argued  that 
this  was  a  case  of  a  more  northerlv  species  carried 
down  into  our  area  by  exceptional  circumstances,  or  on 
the  other  hand  the  explanation  may  be  that  the  Irish  Sea 
is  within  the  normal  range  of  the  organism,   and   that 
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special  conditions  have  permitted  of  a  quite  exceptional 
development  this  year.  In  the  latter  ease,  however,  it  is 
curious  that,  considering  all  the  plankton  investigation 
that  has  been  carried  on  at  Port  Erin  and  off  the 
Lancashire  coast  during  the  last  20  years,  the  species  has 
hitherto  escaped  notice.  It  appears  to  be  present  only 
very  rarely  at  Plymouth  and  elsewhere  in  the  English 
Channel  (Blue-book,  Cd.  3837,  p.  228,  236,  &c.). 

CONCLUSIONS. 

AVe  have  expressed  our  opinions  freely,  both  on 
general  questions  and  on  matters  of  detail,  where  they 
occurred  to  us  in  the  course  of  writing  the  preceding 
pages,  but  it  may  be  convenient  to  have  summarised  here 
the  main  conclusions  at  which  we  have  arrived. 

1.  It  is  clear  that  many  of  the  great  seasonal 
variations  in  the  plankton  are  not  due  to  changes  in  the 
sea -water  such  as  are  recognised  in  hydrographic 
observations,  but  are  caused  simply  by  the  normal 
sequence  of  stages  in  the  life-histories  of  organisms 
throughout  the  year.  No  amount  of  **  hydrographic  " 
change  in  the  water  will  determine  the  presence  of 
Ecihinoderm  larvae  at  a  time  of  year  when  they  are  not 
produced,  nor  of  Crab  Megalopas  when  they  do  not 
naturally  occur. 

2.  Three  factors,  at  least,  seem  to  us  to  require 
recognition  as  contributing  to  the  constitution  of  the 
plankton  from  day  to  day  throughout  the  year:  — 

(1)  The  sequence  and  periodicity  of  the  stages  in 
the  normal  life  history  of  the  organisms; 

(2)  Irregularities  introduced  by  the  inter-action 
of  the  organisms,  as  when  one  group  serves  a^  the 
food,  or  enemy,  of  another; 
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{'])  Periodic  changes  and  abnormalities  of  either 
time  or  abundance  caused  by  the  character  of  the  sea- 
water  or  by  weather  conditions  which  may  either 
determine  or  prevent  the  normal  or  permit  of  an 
abnormal  development  of  certain  species. 
The  appearance  of  swarms  of  Balanoid  Xauplii,  followed 
after  an  interval  by  the  **  Cypris  "  stage,  is  an  example 
that  comes  under  the  first  head.  The  disappearance  of 
Diatoms  when  used  as  food  by  the  increasing  swarms  of 
Copepoda  and  other  Crustacea,  both  larval  and  adult,  and 
of  the  Copepoda  in  turn  when  eaten  by  the  developing 
post-larval  fish,  are  changes  falling  under  the  second  head. 
The  great  increase  in  the  number  of  Diatoms  in  spring 
when  the  physical  condition  of  the  sea-water  has  become 
favourable,  the  enormous  development  of  Dinoflagellates 
which  may  txike  place  suddenly  in  autumn  under  unusual 
weather  conditions,  the  almost  total  suppressi(m  of  a  group 
such  as  the  Medusae  in  some  localities  in  an  unusuallv 
stormy  summer,  and  the  immigration  of  a  species  or  a 
group  of  species  from  the  open  ocean  or  from  a 
neighbouring  sea-area  as  the  result  of  variations  in  the 
hydrographic  conditions,  are  all  examples  thnt  may  be 
classed  in  the  third  category. 

Two,  or  all  of  these  factors  may,  however,  be  at 
work  together,  and  so  the  explanation  of  any  particular 
change  may  be  a  very  complicated  problem.  The 
increased  development  of  a  group,  or  the  immigration  of  a 
species,  may  so  disturb  the  balance  of  nature  as  to  be 
followed  by  unusual  changes  in  other  groups. 

8.  Lists  compiled  from  our  results  and  cui*ves  drawn 
from  these  listvS  show  that,  as  a  (consequence  of  the 
above  factors,  certain  groups  and  certain  prominent 
species  diii'er  from  one  another  greatly  in  their  relative 
abundance  throughout  the  months  of  the  year. 
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4.  Thus,  the  Diatoms  take  on  an  enormous  develop- 
ment in  early  spring",  and  reach  their  maximum  in  April, 
then  die  down  during  the  summer,  and  may  rise  again  to 
a  second  but  much  less  important  and  less  constant 
maximum  in  autumn.  It  must  be  borne  in  mind,  however, 
that  the  species,  and  to  some  extent  the  genera,  that  form 
the  autumn  increase  {CJuiHoceros  svbtile  and  species  of 
Rfu'zosolenia)  are  quite  different  from  those  present  in 
spring  (Chaetoceros  contortum  and  species  of  Thnlassiosira). 

5.  The  Dinoflagellata  rise  to  a  maximum  later  than 
the  Diatoms,  and  may  have  a  second  period  of  sudden 
increase  in  the  autumn  if  weather  conditions  are 
favourable. 

(I.  The  Copepoda  attain  to  their  greatest  develop- 
ment in  earlv  summer  after  the  Diatoms  have  died  down, 
and  again  in  late  autumn  (October)  they  follow  the 
phytoplankton.  As  a  rule  a  haul  rich  in  Cqpepoda  has 
few  Diatoms,  and  vice  versa;  but  the  Copepoda  do  not, 
like  the  Diatoms,  present  great  maxima  and  marked 
depressions.  Even  when  both  groups  are  present  in  the 
plankton  we  frequently  find  that  they  are  in  different 
zones ;  for  example,  in  some  of  the  April  hauls  in 
1907  the  Diatoms  were  markedlv  on  the  surface  and  the 
Copepoda  below,  while  later  in  the  year  these  positions 
were  reversed. 

7.  The  distribution  of  particular  Copepoda  (ColanuSf 
Anomalocera,  Microcalanvs,  Centropages,  Teviora,  etc,)  has 
been  discussed,  and  for  the  full  results  we  must  refer  to 
the  body  of  this  report.  Calaniis,  Centropages  and  Temora 
are  present  throughout  the  year;  Anomalocera  appears  in 
our  district  in  spring;  Microcalanus  in  late  autumn. 

8.  Similarly  the  conclusions  arrived  at  in  regard  to 
the  distribution  of  Sagitta,  Tomoptens,  the  Cladocera, 
Oih) pleura,  Cirripede  Nauplii,   and  various  other  larval 
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forms  and  fish  eggs  are  given  in  the  preceding  pages  and 
need  not  be  repeated  here. 

9.  The  Irish  Sea  contains  a  surprising  number  of 
what  are  usually  regarded  as  ''  Oceanic  ''  species — not 
merely  as  occasional  visitants,  but  as  normal  and 
continuous  constituents  of  the  plankton  during  a  great 
part  of  the  year.  Amongst  these  may  be  mentioned 
Chaetoceros  densum,  Coscinodiscus  radiatus,  Rhizosolenia 
semispinu,  Ceratium  tripos^  Peridinium  sp.,  Tomopteris 
anisciformisy  Sagitta  bipunctata,  Pleurohrachia  pileu^, 
Calanus  hdgolandicus,  Anomalocera  patfer.wni,  Acartia 
clausi,  Oilhorui  shnilis,  and  Oikopleura  dioiva.  Some  of 
these  oceanic  species  seem,  so  far  as  we  can  judge  from 
the  published  records,  to  be  more  abundant  and  more 
continuously  present  round  the  Isle  of  Man  than  they  are 
even  in  the  western  part  of  the  English  Channel. 

10.  We  have  evidence  from  our  closing  vertical  nets 
that  the  zone  of  most  abundant  life  is  not  on  the  surface 
but  is  generally  a  few  fathoms  below— say,  usually, 
between  5  and  10  fathoms.  Samples  of  water  from  5,  10 
and  20  fathoms  obtained  w4th  the  "  Mill  '*  water  bottle 
support  the  above  statement.  But  this  conclusion  was 
arrived  at,  and  could  be  established,  quite  apart  from  the 
evidence  of  the  vertical  nets,  from  a  comparison  of  the 
results  obtained  by  the  weighted  and  surface  open 
horizontal  tow-nets. 

11.  At  the  time  of  the  Diatom  maximum  in  spring, 
however,  our  closing  vertical  nets  showed  that  these 
Protophyta  are  more  abundant  in  the  deeper  zones  than 
at  the  surface,  and  increase  in  density  downwards  to  at 
least  20  fathoms. 

12.  In  the  case  of  some  groups,  e.g.  Cladocera  and 
Oikopleura  sp.,  the  distribution  is  sometimes  remarkably 
regular,  the  same  numbers  being  taken  simultaneously 
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by  comparable  nets  at  localities  up  to  ten  miles  apart; 
but  on  the  other  hand  even  with  these  same  groups  there 
may,  on  other  dates,  be  very  diverse  hauls  indicating  an 
uneven  distribution. 

ID.  Some  species,  and  some  groups  of  neiritic  larvae 
markedly  congregate  in  shoals,  and  this  also  adds  to  the 
iinevenness  of  the  distribution. 

14.  The  horizontal  distribution  of  the  plankton  is 
consequently  liable  to  be  very  variable  and  irregular,  and 
although  its  characteristic  constitution  at  different  times 
of  the  year  may  be  described,  it  is  very  doubtful  whether 
any  numerical  estimates  can  be  framed  which  will  be 
applicable  to  wide  areas. 

15.  It  is  clear  that  samples  taken  quarterly , 
monthly  or  even  fortnightly  are  quite  inadequate  to 
convey  a  correct  idea  of  the  constitution  and  changes  of 
the  plankton  of  a  sea-area  in  any  detail;  and,  conse- 
quently, conclusions  ought  not  to  be  drawn  from  such 
insufficient  observations. 

l(i.  Our  samples,  taken  weekly  throughout  the  year, 
and  almost  daily  during  the  three  most  critical  months, 
give  by  no  means  too  much  information,  but  will  probably 
suffice  to  enable  us  to  make  that  detailed  comparison 
between  adjacent  localities  and  dates  which  we  hope  to 
publish  in  the  next  Report  with  a  view  of  determining 
the  representative  value  of  such  periodic  samples. 
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Imroduction. 

Cancer  is  a  genus  which  has  a  world-wide  distribution. 
Only  one  species,  however,  is  found  in  Europe,  viz.,  Cancer 
pagunis,  the  subject  of  the  present  memoir.*  This  species 
is  found  on  almost  every  part  of  the  coasts  of  Europe  from 
Norway  to  Greece,  and  it  is  particularly  abundant  on  the 
shores  of  Xorth-West  Europe  (France,  Germany  and  the 
British  Isles). 

Cancer  pagunis^  the  edible  crab,  has  been  chosen  as 
the  subject  of  the  present  memoir  partly  on  account  of  its 
economic  importance,  and  also  because,  as  a  type  for 
dissection,  it  is  easily  procurable  and  is  of  a  convenient 
size.  The  account  given  below,  however,  may  be  applied 
with  very  few  alterations  to  any  of  the  brachyUrous 
Decapod  Crustaceans,  such  as  the  common  shore  crab 
(Carcinus)  or  the  swimming  crab  (Portunus). 

The  edible  crab  is  found  in  great  abundance  on  the 
coasts  of  the  British  Isles,  especially  on  those  parts  which 
arc  rocky,  and  gives  rise  to  an  important  fishing  industry. 
Tlie  large  crabs  live  in  fairly  deep  water,  but  the  young 
representatives  of  this  species  may  be  readily  obtained 
between  tide-marks.  Cancer  is  mainly  carnivorous  in  its 
habits  and  feeding.  It  is  particularly  fond  of  dead  fish, 
and  it  probably  also  feeds  on  other  Crustaceans  in  a  small 
degree.  There  is,  however,  no  evidence  to  show  that  it 
has  cannibalistic  instincts.  (For  further  particulars  with 
regard  to  habits,  distribution,  crab  fishery,  &c.,  see  section 
on  Pxionomics.) 

Cancer  yagunis  was  first  named  by  Linneus,  who 
established   both    the   genus   and    the   species.      In    his 

*  Tho  investigation  has  been  asslBted  by  a  grant  of  £35  from  the 
Board  of  Agriculture  and  Fisheries,  and  the  expense  of  producing  the 
lithographed  plates  has  been  met  in  part  by  a  crant  of  £90  from  tho 
"  Treasury  Grant  for  Research  "  of  the  University  of  Liverpool. 
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**  Histoire  naturelle  des  Cni^jtaces/'  Milne-Edwards 
named  it  Platycarcinus  pagurus.  This  latter  name  appears 
to  have  been  retained  in  many  continental  works  up  to 
quite  recent  years. 

I  have  followed  the  classification  of  Borradaile,*  and 
I  give  below  a  table  compiled  from  the  results  of  his  work. 

Cbustacea  Decapoda 

.. ._  1 

Natantia  Reptantia  (sub-ordera) 


Palinura        Astacura        Anomura        Brachyura     (tribes) 


Oxystomata  Dromiacea  Brachygnatha  (sub-tribes) 


Oxyrhyncha  Brachyrhynca       (super-families) 


■L,  etc. 


Corystidae    Portunidae,  etc.    Cancridac        (families) 

i 


Pirimelinae  Cancrinae    (sub-families) 


Cancer      (genus) 

The  main  characters  of  the  various  divisions  of  the 
Decapod  Crustacea  are  given  below. t 

Nat^vntia. — Rostrum  well  developed  and  compressed. 
Body  compressed.  First  abdominal  somite  equal 
to  rest.  Stylocerite  present.  Second  antennal 
scale  large.  In  the  legs  basis  and  ischium 
never  fused,  and  one  fixed  point  in  the  carpo- 
propodal  articulation.  Male  genital  opening 
arthrodial.  Abdominal  limbs  1-5  well  developed 
and  used  for  swimming. 

♦  Borradaile,  L.   A.      "  On   the  Classification  of  the  Decapod 
Crustaceans."    Ann.  and  Mag.  Nat.  Hist.  (7),  Vol.  XIX,  June,  1907. 

t  These  characterb  are  abstracted  from  Borradaile 's  paper. 
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RErxANTiA.— Rostrum  reduced  or  absent,  depressed  if 
present.  liody  depressed.  First  abdominal 
somite  smaller  than  rest.  Stylocerite  absent. 
Second  antennal  scale  reduced  or  absent.  In  the 
legs  generally  a  basi-ischium,  and  two  fixed 
points  in  the  carpo-propodal  articulation.  Male 
genital  opening  coxal  and  sternal.  Abdominal 
limbs  1-5  reduced  or  absent,  and  not  used  for 
swimming. 
The  four  tribes  belonging  to  the  Reptantia  are 
divided  into  two  groups. 

I.  Third  legs  like  the  first.  Abdomen  macrurous. 
Gnathobases  of  second  maxilhie  narrow.  Kxopodites  of 
maxillipedes  with  lash  directed  forward.     Gills  numerous. 

(1)  Palinuka. — Carapace  fused  to  epistoma.     Rostrum 

small  or  absent.  Inner  lobes  of  second 
maxillae  and  first  maxillipedes  reduced.  Body 
depressed. 

(2)  AsTACi  iiA. — Carapace     free     from     the     epistoma. 

Rostrum  large.  Inner  lobes  of  second  maxillae 
and  first  maxillipedes  not  reduced.  Body  sub- 
cylindrical. 

II.  Third  legs  unlike  the  first,  never  chelate.  Abdo- 
men rarely  macrurous.  Gnathobases  of  second  maxillae 
broad.  Kxopodites  of  maxillipedes  with  lash  directed 
inward.     Gills  few. 

{3)  Anomura.-  Carapace  not  fused  with  epistoma. 
Last  thoracic  sternum  free,  its  legs  dift'ering  from 
the  others.  Abdomen  anomurous.  Movable 
antennal  scale.     Third  maxillipedes  narrow. 

(4)  BRACiiYrRA. — Carapace  fused  with  epistoma.  Last 
thoracic  sternum  fused  with  rest,  its  legs  like  the 
others.  Abdomen  brachyurous.  No  movable 
antennal  scale.     Third  maxillipedes  broad. 
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The  following  are  the  sub-tribes  of  the  Briichyura :  - 
OxYSTOMATA. — Mouth-field    prolonged     forward     as     a 
gutter.     No  female  first  abdominal  limbs.    Gills 
few.     Female  openings  sternal. 
Dromiacea.— Mouth-held     square.       First     abdominal 
limbs  present  in  female.     Gills  many.     Female 
openings  coxal. 
Brachygxatiia. — Mouth-field  square.  Female  openings 
sternal.     Xo   first   abdominal   limbs   in    female. 
Gills  few. 
The    Brachygnatha    are    divided    into    two    super- 
families. 

OxYHHYNCHA. — Frout  part  of  body  narrow.       Distinc^t 
rostrum.     Body  more  or  less  triangular.     Orbits 
incomplete. 
Brachyrhynciia. — Front  part  of  body  broad.    Rostrum 
reduced   or  wanting.     Body  oval.     Orbits  com- 
plete. 
The   Brachyrhyncha   are   sub-divided    into   fourteen 
families.       I  give  here  the  chief  characters  of  the  one 
family — the  Cancridae. 

Cancridae. — Marine  crabs  with  the  branchial  region 
not  greatly  swollen.  Carapace  broadly  oval  or 
hexagonal.  Kostrum  often  wanting.  Orbits  com- 
plete. Male  openings  coxal.  Second  antennal 
flagella  short.  First  antennae  folded  length- 
wise. Inner  lobe  on  the  endopodite  in  the  first 
maxillipedes  wanting.  Legs  generally  not 
adapted  for  swimming. 
The  two  sub-families  of  the  Cancridae  are  as 
follows :  — 

PiRiMELiNAE. — Carapace  hexagonal.    Epistoma  sunken. 
Cancrinae. — Carapace    broadly    oval.       Epistoma    not 
sunken. 
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EXTERNAL  CHAllACTEIlS 
(PL  I,  figs.  1,  2,  3). 

The  whole  of  the  exterior  of  the  animal  is  covered 
by  a  thick  continuous  chitinous  exoskeleton  or  shell, 
which  is  highly  calcified  except  betw^een  the  movable 
somites  of  the  abdomen  and  between  the  movable  podo- 
meres  iu  the  appendages. 

The  body  may  be  conveniently  divided  into  an 
anterior  region — the  Cephalon,  a  middle  region — the 
Thorax,  and  a  posterior  region — the  Abdomen.  As  in 
all  the  Decapoda  the  Cephalon  and  Thorax  are  fused  to 
form  the  Cephalothorax. 

The  Cephalothorax  is  by  far  the  largest  .portion  of 
the  body,  and  is  the  only  part  seen  from  the  dorsal 
surface.  The  Abdomen  is  much  reduced  and  is  a  flap- 
like structure  closely  applied  to  the  ventral  region  of 
the  cephalothorax  between  the  bases  of  the  walking  legs. 

There  is  every  reason  to  believe  that  the  crabs  and 
their  relatives  have  arisen  from  primitive  Crustaceans 
having  a  body  divided  up  into  a'  number  of  movable 
segments  or  somites.  Extreme  specialisation  has  taken 
place,  especially  in  the  cephalothoracic  region,  and  it  is 
in  the  Abdomen  that  one  sees  the  nearest  approach  to 
this  primitive  external  segmentation.  A  careful  exami- 
nation, however,  reveals  the  fact  that  there  are  five 
somites  in  the  cephalic  region,  eight  in  the  thorax  and 
six  in  the  abdomen — nineteen  in  all. 

Before  entering  on  a  description  of  the  more  complex 
parts  it  will  be  useful  to  examine  the  structure  of  a 
typical  abdominal  somite. 

The  third  abdominal  somite  of  the  female  may  be 
taken  as  a  type  (see  text  fig.  1). 

This   somite  is   flattened   dorso-ventrally.      On   the 
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dorsal  side  there  is  thick  and  highly  calcified  exoskeleton, 
but  the  veutral  wall  is  membranous. 

The  dorsal  wall  consists  of  a  median  portion — the 
tergum  (text  fig.  1,  t.) — which  is  continued  into  two 
broad  lateral  portions — the  pleura.  The  median  ventral 
wall  is  known  as  the  sternum,  and  from  each  of  the  outer 
portions  of  the  sternum  arises  an  appendage.  Between 
the  point  of  attachment  of  each  appendage  and  the 
pleuron  the  ventral  wall  is  known  as  the  epimeron. 


Fio.  1. — Diagrammatic  section  through  femiUe  abdomen. 

/.=  tergum.  9^^a.  =  muscles  of  abdominal 

p.  =  pleuron.  appendage. 

«.=  sternum.  h.g.  =  hin6.  gut. 

e.  =  epimeron.  pr.  =  protopoditc. 

e.m.  =  extensor  muscles  of  abdomen,  ex.  =  exopoditc. 
f.m.  =  flexor  muscles  of  abdomen.       en.  =  cndopodite. 

The  segment  is  connected  with  the  two  neighbouring 
segments  by  a  thin  uncalcified  part  of  the  exoskeleton — 
the  arthrodial  membrane.  This  allows  of  free  movement 
between  the  segments.  Each  segment  articulates  with 
the  one  in  front  by  means  of  a  pair  of  hinges  placed  at 
the  outer  and  anterior  part  of  the  pleuron  at  each  side. 

The  appendages  will  be  described  in  detail  later. 

CErilALOTHORAX. 

1.       Carapace. 

The  terga  and  pleura  of  the  cephalothorax  are  fused 
to  form  the  large  Carapace.  This  is  a  broad  shield  the 
width  of  which  is  about  1^  times  as  great  as  the  length. 
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Instead  of  taking  an  even  sweep  downwards  the  carapace 
passes  outwards  almost  horizontally  and  then  suddenly 
bends  inwards  and  passes  down  to  the  bases  of  the  walking 
legs.  An  examination  of  a  rough  section  of  the  animal 
will  show  that  at  the  base  of  the  legs  the  carapace  turns 
suddenly  upwards  and  is  continuous  with  the  membranous 
wall  of  the  spacious  Branohial  Chamber  (PI.  lY,  fig.  56, 
br,  ch,).  The  space  between  the  ventral  part  of  the 
carapace  and  the  base  of  the  legs  is  so  very  small,  and 
moreover  is  so  well  guarded  by  long  setae  that  no  water 
can  enter  the  branchial  chamber  at  this  border,  as  is  the 
case  in  the  Macrura.  There  are,  however,  two  openings 
into  the  branchial  chamber  the  small  posterior  inhoUent 
branchial  aperture,  above  the  coxopodite  of  the  last 
])ereiopod,  and  the  larger  anterior  inhalent  branchitd 
aperture^  situated  immediately  in  front  of  the  coxopodite 
of  the  chela.  The  ventral  part  of  the  carapace  turns 
forward  in  front  of  the  latter  opening,  and  passing  around 
the  mouth  it  fuses  with  the  pre-oral  cephalic  sterna.  The 
portion  of  the  carapace  which  passes  around  the  mouth  is 
turned  inwards  at  each  side  to  form  a  chamber  which  lies 
immediately  in  front  of  the  Branchial  Chamber.  This 
may  be  called  the  Pre-branohial  Chamber.  Its  roof  is 
membranous  and  is  fused  on  its  inner  side  with  the 
epistoma  and  with  the  endopleurites  of  the  two  post-oral 
cephalic  somites,  and  probably  represents  the  epimera  of 
the  third,  fourth  and  fifth  cephalic  somites.  The  Pre- 
branchial  Chamber  will  be  described  in  detail  in  the 
section  on  Itespiration. 

Both  the  dorsal  and  the  inflected  portions  of  the 
lateral  region  of  the  carapace  were  designated  the 
*"*  bran(»hiostegite "  by  Milne-Edwards  because  they 
enclose  the  branchial  cavity. 

Anteriorly   the   dorsal    surface   of   the   carapace    is 
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bounded  by  a  median  portion  between  the  orbits  and  two 
lateral  portions.  Similarly  the  posterior  boundary 
consists  of  a  median  portion  and  two  lateral  portions.  So 
that  we  may  speak  of  these  borders  as  the  anterior,  antero- 
lateral, posterior  and  postero-lateral  respectively. 

The  Anterior  Border  is  situated  between  the  orbits. 
The  rostrum,  which  occupies  the  median  portion  of  this 
region,  consists  of  a  median  and  two  lateral  lobes.  It  is 
continued  ventrally  as  a  median  plate  which  separates  the 
two  cavities  in  which  are  lodged  the  eye  peduncles.  Each 
of  the  lateral  lobes  of  the  rostrum  passes  downwards  as 
the  supraeiliary  lobe,  which  fuses  with  the  anterior  and 
inner  region  of  the  second  antenna  (PI.  Ill,  fig.  20,  S,L). 
Passing  outwards  from  the  rostrum  the  anterior  border  of 
the  carapace  divides  at  each  side  into  the  supra-orbital 
and  infra-orbital  portions  which  form  the  boundary  of  the 
orbit.  On  its  inner  side  the  supra-orbital  edge  has  the 
prominent  supra-orbital  lobe  which  is  close  to  the  lateral 
lobe  of  the  rostrum.  The  inner  boundary  of  the  orbit  is 
fused  with  the  outer  portion  of  the  second  antenna. 

The  Antero-lateral  Borders  form  an  arc  of  a  circle  the 
centre  of  which  is  at  the  junction  of  the  two  outer  grooves 
bounding  the  epibranchial  region  of  the  carapace  (see 
below).  Each  antero-lateral  border  is  divided  up  into 
nine  lobes  by  well-defined  ridges.  There  is  no  definite 
distinction  between  the  antero-lateral  border  and  the 
postero-lateral  border,  but  the  latter  may  be  said  to 
commence  at  the  posterior  end  of  the  ninth  lobe.  There 
is  also  a  feebly  marked  lobe  on  the  outer  portion  of  the 
postero-lateral  ridge. 

The  Postero-lateral  Border  passes  backwards  and 
inwards.  This  border  is  well  rounded  and  not  so  clearly 
defined  as  the  anterior  and  antero-lateral  borders. 

Immediately   in    front    of    this   border   there    is   the 
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poster o-lateral  ridge,  which  is  continuous  on  its  outer  side 
with  the  antero-lateral  border.  At  its  outer  edge  it  is 
coincident  with  the  postero-lateral  border,  but  as  it  passes 
inwards  it  becomes  quite  distinct  from  the  latter  and 
dies  away  near  the  median  line  in  front  of  the  posterior 
border. 

The  Posterior  Border  of  the  carapace  is  horizontal, 
and  is  continuous  behind  with  the  tergum  of  the  first 
abdominal  segment. 

Areas    of    the    Carapace.      (Text  fig.  2.) 

The  dorsal  surfa-ce  of  the  carapace  is  divided  up  by 
means  of  small  depressions  into  areas. 

The  Cervical  groove  [C,  gr,)  separates  the  cephalic 
region  of  the  carapace  from  the  thoracic  region.  This 
groove  is  seen  as  a  transverse  median  depression  a  little 
more  than  half  way  down  the  carapace.  The  width  of  this 
median  groove  is  almost  equal  to  the  distance  between  the 
two  supra-orbital  lobes. 

At  each  of  its  outer  edges  the  median  groove  is 
continuous  with  a  well-marked  depression  which 
commences  at  the  posterior  end  of  the  fifth  lobe  of  the 
antero-lateral  border.  This  depression  is  curved,  the 
convexity  being  in  front.  The  median  groove  and  its 
two  lateral  extensions  together  form  the  cervical  groove. 

The  Cephalic  portion  of  the  carapace  is  divided  into 
the  Facial  and  Gastric  regions. 

The  Facial  region  is  separated  from  the  rest  of  the 
cephalon  by  a  faint  transverse  depression  near  the  front 
of  the  carapace.  The  outer  ends  of  the  depression  bend 
forward  and  terminate  on  the  second  lobe  of  the  antero- 
lateral border.  This  region  is  divided  into  a  median 
Frontal  region  (Fr,)  and  two  lateral  Orbital  regions  (Orb,), 

The    Gastric    region    is    bounded    behind    by    the 
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Cervical  groove,  and  is  composed  of  a  median  triangular 
portion  having  the  apex  pointing  backwards  and  two 
lateral  portions  which  end  at  the  antero-lateral  border. 
The  median  portion  is  divided  into  two  anterior  Proto- 
gastmo  regions  (Pg-),  a  median  anterior  Mesogastrio 
region  (Mg,),  a  pair  of  posterior  Metagastrio  regions 
(Aftg,),     and     a     median     posterior    Urogastrio     region 


Fig.  2. — Areas  of  the  Carapace. 

Fr.  =  Frontal      region .  Mb .  =  Mesobranchial  region , 

Orb.  =  Orbital  , ,  Mtb.  =  Metabranchial 

Hep.  =  Hepatic        , ,  Eb.  =  Epibranchial 

Pgr.  =  Protogas trie   ,,  Card.  =  Cardiac 

Mg.  =  Mesogastric   , ,  C.gr.  =  Cervical  groove. 

Mtg.  =  Metagastric  ,,  B.gr.  —  Branchio  cardiac  groove. 

Ug.  =  Urogastric 


»» 
»» 
it 


»> 


(Ug,).  The  lateral  portions  are  known  as  the  Hepatio 
regions  (Hep.),  Each  extends  outwards  to  the  antero- 
lateral border  and  is  bounded  behind  by  the  outer  part 
of  the  cervical  groove. 

The   Thoracic    portion   comprises   that   part   of   the 
carapace  which  lies  behind  the  cervical  groove.       It    is 
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divided  by  two  longitudinal  grooves — the  Branchio- 
cardiac  grooves  (B.gr,) — into  a  median  Cardiac  region 
(Card,)  and  two  lateral  branchial  regions.  Each  branchial 
region  is  made  up  of  an  anterior  Mesobranohial  region 
(Mb,)  and  a  posterior  Metabranohial  region  (Mtb.)  and  a 
small  inner  Epibranohial  region  (Eb.): 

The  ventral  inflected  portion  of  the  carapace  is 
divided  into  two  parts  by  a  well  defined  groove,  which 
may  be  termed  the  pleural  groove,  as  it  probably  marks 
the  separation  between  the  cephalo-thoracic  terga  and 
pleura.  It  is  along  this  groove  that  the  carapace  splits 
during  ecdysis  (see  section  on  Ecdysis).  The  pleural 
groove  commences  at  the  epistoma  and  passes  outwards 
and  slightly  backwards  until  it  almost  reaches  the 
posterior  end  of  the  seventh  lobe  of  the  antero-lateral 
border.  Here  it  turns  backward  and  runs  parallel  to  the 
postero-Iateral  ridge,  finally  reaching  the  posterior  border 
with  which  it  becomes  continuous.  Thus  the  pleural 
groove  divides  the  inflected  portion  of  the  carapace  into 
an  outer,  or  Sub-hepatio  region,  and  an  inner,  or  Sub- 
branohial  region.  The  sub-hepatic  region  may  be 
considered  as  an  inflected  portion  of  the  tergum,  and  the 
sub-branchial  as  belonging  to  the  pleural  region.  Milne- 
Edwards  regarded  the  sub-branchial  region  as  part  of  the 
cephalo-thoracic  epimera,  but  the  inner  walls  of  the 
branchial  chambers  undoubtedly  represent  the  epimera. 

2.     Pre-oral    Cephalo-thoracic    Sterna. 

(PI.  Ill,  figs.  19,  20.) 

Ventrally  the  median  lobe  of  the  rostrum  passes 
backwards  as  a  triangular  plate,  the  apex  of  which  points 
posteriorly.  This  plate,  which  is  separated  at  its  posterior 
end  from  the  first  sternum  [antennulary  sternum]  (S^) 
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by  a  well-defined  suture,  forms  a  septum*  between  the 
articular  cavities  of  the  two  optic  peduncles. 

From  the  dorsal  side  of  the  sternal  region  the  septum 
between  the  above-mentioned  articular  cavities  is  short 
and  broad.  On  a  level  with  the  posterior  end  of  these 
cavities  there  is  a  well-marked  suture  separating  the 
septum  from  the  first  sternum. 

Immediately  in  front  of  the  dorsal  side  of  the 
ophthalmic  articular  cavities  {o.iu.c.)  are  two  short 
calcareous  plates  near  the  median  line,  which  stretch 
across  to  the  roof  of  the  carapace.  These  are  the 
Procejjhalic  processes  (p,c.j).)  to  which  are  attached  the 
anterior  gastric  muscles. 

The  First  Sternum  (S^)  lies  in  the  segment  of  the  first 
antennae  (ant^^.)  and  separates  the  articular  cavities  of 
these  appendages.  Owing  to  the  depth  of  the  sternum  in 
this  region  its  relationship  to  the  articular  cavities  is  best 
seen  from  the  dorsal  side  of  the  sternum. 

It  consists  of  a  median  piece  lying  between  the 
articular  cavities  of  the  antennules,  and  of  two  lateral 
expansions  which  form  the  posterior  boundaries  of  the 
articular  cavities.  Viewed  laterally  the  sternum  is  seen 
to  have  a  comparatively  great  depth.  About  half  way 
down  the  anterior  face  of  this  sternum  is  a  concavitv  into 
which  fits  a  process  from  the  septum  between  the 
ophthalmic  articular  cavities. 

From  the  ventral  side  the  first  sternum  bounds  the 
posterior  and  inner  sides  of  the  sockets  of  the  antennules, 
and  the  lateral  prolongations  extend  as  far  as  the  bases  of 
the  second  antennae. 


*In  the  present  Memoir  the  optic  peduncles  are  not  regarded 
as  modified  appendages,  and  I  shall  not  regard  the  region  of  the  body 
from  which  the  eyos  arise  as  the  first  segment,  nor  shall  I  speak  of 
the  septum  between  the  articular  cavities  of  the  optic  peduncles  as 
the  first  sternum. 
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Huxley*  in  his  short  account  of  the  crab  states  that 
the  ophthalmic  and  antennulary  sterna  are  fused,  and 
that  the  suture  is  between  the  fused  sterna  and  the 
rostrum.  I  am  of  the  opinion  that  the  whole  of  the 
sternum  behind  the  suture  belongs  to  the  antennulary 
somite  alone,  and  that  the  septum  separating  the 
articular  cavities  of  the  optic  peduncles  is  a  posterior 
prolongation  of  the  rostrum,  as  described  above. 
An  examination  of  the  sternum  from  the  dorsal  side 
(PI.  Ill,  fig.  19)  shows  that  the  suture  is  on  a  level  with 
the  posterior  boundary  of  the  ophthalmic  articular  cavity ; 
so  that,  if  Huxley's  view  be  accepted,  we  have  the 
ophthalmic  sternum  entirely  behind  the  articular  cavity 
of  its  own  somite !  It  is  much  more  reasonable  to 
conclude  that  the  suture  separates  the  ophthalmic  septum 
from  the  antennulary  sternum. 

The  Epistoma  is  a  broad  plate  in  front  of  the  mouth 
and  immediately  behind  the  first  sternum.  It  represents 
the  united  sterna  of  the  second  (antennary)  (S^)  and  third 
(mandibular)  (S^)  somites.  Its  anterior  border  is  concave 
in  front.  The  two  lateral  borders  gradually  slope  inwards 
towards  their  posterior  ends.  The  posterior  border  is 
deeply  concave  behind  and  bounds  the  front  edge  of  the 
mouth. 

The  middle  part  of  the  anterior  border  touches  the 
posterior  edge  of  the  first  sternum  and  the  two  outer 
portions  bound  the  posterior  edge  of  the  second  antenna. 
The  lateral  borders  are  in  contact  with  the  membranous 
roof  of  the  pre-branchial  chamber. 

From  the  middle  of  the  anterior  border  of  the  ventral 
side  of  the  epistoma  a  median  groove  passes  backwards 
but  does  not  extend  as  far  as  the  posterior  border.     From 

*  T.  H.  Huxley,  Manual  of  the  Anatomy  of  Invertebrated  Ammaltt 
1877,  pp.  340-345. 
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the  posterior  edge  of  this  groove  a  slight  depression  passes 
outwards  at  each  side  parallel  to  the  anterior  border. 
This  depression  probably  marks  the  boundary  between  the 
antennary  and  mandibular  sterna.  This  groove  is  better 
defined  on  the  dorsal  side  of  the  epistoma. 

The  Labrum  (PI.  Ill,  fig.  20,  lab.)  is  a  soft  fleshy 
lobe  attached  to  the  middle  region  of  the  posterior  border 
of  the  epistoma.  It  is  surrounded  near  the  middle  by  a 
calcareous  ring  which  gives  off  a  median  posterior 
prolongation.  At  each  side  of  this  median  plate  is  a 
soft  fold. 

3.     Post-oral      Cephalo-thoracic      Sterna 

(PI.  I,  figs.  2,  3,  Text  fig.  3). 

These  are  all  fused  together  as  a  single  oval-shaped 
plate  situated  between  the  bases  of  the  paired  post-oral 
cephalothoracic  appendages.  Transverse  grooves  are 
present  which  mark  the  division  of  this  region  into 
segments  or  somites,  and  which  mark  the  places  at  which 
the  sterna  grow  inwards  to  form  the  endosternites  of  the 
endophragmal  system. 

The  surface  of  the  fused  sterna  is  concave  laterally 
in  order  to  accommodate  the  abdomen ,  which  is  always  in 
a  flexed  condition.  This  concavity  is  especially  well 
marked  in  the  males.  The  surface  of  the  sterna  is,  how- 
ever, convex  antero-posteriorly. 

On  the  sternum  of  fifth  thoracic  somite  are  two  small 
tubercles  (P.)  which  fit  into  two  concavities  on  the 
abdomen  and  thus  form  an  effective  locking  apparatus 
which  keeps  the  abdomen  in  position.  These  are 
especially  large  in  the  males. 

The  sternum  of  the  sixth  thoracic  somite  of  the 
female  bears  a  pair  of  large  openings  which  are  the 
external  genital  openings. 
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The  aterua  of  the  last  four  thoracic  aomiteR  are 
characterised  by  a  median  groove  which  marks  the  place 
at  which  the  "  Median  plate  "  of  the  endophragmal  system 
has  grown  inwards.  The  aiiterior  eiid  of  this  median 
groove  is  marked  by  a  very  deep  depression  which  is 
situated  at  the  posterior  end  of  the  fourth  thoracic 
sternum. 

At  the  outer  and  posterior  corners  of  each 
sternum  are  backwardly  directed  areas  -the  "  epistema  " 


Pio,  3.— Venttftl  view  of  post-onl 

cephalotboracio  iteniB  |mAle). 
F.S.  s  Fused  sterna  of  the  two 
poat-oial    c«phftiic    aud    the    firat 
three  thoraoic  Bomitea.    t.ti. — 8.t>. 
3  Sterna  ol  the  4th  to  8th  thoracic 

P.   =   Sternal      papilla      of      the 
abdomiaal  locking  apparatus. 


{Ej>.i.)  whu  h  run  for  a  short  distance  alongside  the 
following  sternum  from  which  they  are  separated  by 
distinct  sutures.  Between  each  episternum  and  the 
corresponding  sternum  is  a  slight  groove  which  is  not  very 
distinct  in  the  edible  crab.  In  Portunus  and  other  crabs, 
however,  this  groove  is  much  more  distinct  so  as  to 
suggest  a  complete  separation  between  the  sternum  aud 
episternum.     This  probably  explains  why  Brooks*  states 

*  Brooks,  Handbook  of  IttverUbrale  Zoology. 
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that  the  episternum  is  anterior  to  the  outer  end  of  its  own 
sternum.  He  has  evidently  mistaken  the  groove  mentioned 
above  for  a  true  suture,  and  has  therefore  concluded  that 
the  episternum  belongs  to  the  following  sternum.  The 
last  thoracic  sternum  has  no  episterna. 

At  the  anterior  end  of  each  episternum  is  a  small 
concavity  into  which  fits  the  ventral  hinge  of  the 
coxopodite  of  the  appendage  of  that  somite. 

The  sterna  of  the  last  two  cephalic  and  the  first  four 
thoracic  somites  (F.S.)  are  fused  together,  without  any 
sign  of  separation  into  distinct  segments  as  in  the  posterior 
region  of  the  thorax. t  There  is,  however,  a  slight  evidence 
of  a  division  in  front  of  the  fourth  sternum  of  the  thorax. 

That  portion  of  the  thoracic  sterna  which  is  covered 
by  the  abdomen  is  characterised  by  the  absence  of  setae. 
There  are  long  setae  along  the  outer  edges  of  the 
episterna,  and  also  on  that  portion  of  the  fused  sterna 
belonging  to  the  two  last  cephalic  segments  and  the  first 
four  thoracic  segments. 

In  front  of  the  fourth  thoracic  sternum  the  outer 
edges  of  the  sterna  are  turned  up  vertically. 

The  first  post-oral  cephalic  sternum  has  two  lateral 
processes  which  project  forwards  and  give  support  to  the 
Metastoma.  The  metastoma  is  a  fleshy  lobe  forming  the 
posterior  lip  of  the  mouth. 

4.     Cephalic    epimera. 

In  the  first  two  cephalic  somites  it  is  difficult  to 
identify  the  epimera,  but  the  latter  are  probably  repre- 
sented by  the  region  between  the  outer  portion  of  the 
articular  cavities  of  these  somites  and  the  carapace. 

t  The  two  post-oral  cephalic  sterna,  which  are  represented  by  two 
narrow  bars  at  the  extreme  anterior  end  of  the  fused  post-oral  sterna, 
are  separated  from  each  other,  however,  by  transverse  sutures. 
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The  epimera  of  the  third  (mandibular)  and  the  two 
last  cephalic  somites  (maxillary)  are  probably  represented 
by  the  membranous  roof  of  the  pre-branchial  chamber  at 
each  side  (PI.  Ill,  fig.  18,  r.br.).  This  is  continuous 
behind  with  the  thoracic  epimera. 


5.     Thoracic     epimera 
(Plate  III,  fig.  18,  epm,  6-12). 

The  thoracic  epimera  are  represented  by  a  continuous 
plate  at  each  side  forming  the  inner  wall  of  the  branchial 
chamber.  This  is  the  *'  flanc  "  of  Milne-Edwards.  The 
lower  border  of  the  epimera  commences  immediately 
above  the  base  of  the  thoracic  appendages.  They  pass 
upwards  and  inwards  and  are  continuous  above  with  the 
membranous  roof  of  the  branchial  chamber.  At  the 
posterior  end  they  extend  upwards  almost  to  the  carapace, 
from  which  they  are  only  separated  by  short  muscles  which 
pass  from  the  summit  of  the  epimera  to  the  carapace.  At 
the  anterior  end  the  epimera  are  much  shallower  and 
become  continuous  with  the  roof  of  the  branchial  chamber 
some  distance  below  the  carapace. 

The  fused  thoracic  epimera  form  an  extremely 
convex  wall  which  is  divided  up  into  segments  by  vertical 
sutures,  which  correspond  to  the  lines  of  separation 
between  the  various  somites  of  the  thorax.  In  this  way 
the  epimera  are  divided  up  into  seven  portions.  The 
epimera  of  the  first  and  second  thoracic  somites  are 
completely  fused,  and  there  is  no  groove  separating  them, 
but  apart  from  this  there  is  one  segment  of  the  fused 
epimera  for  each  of  the  remaining  thoracic  somites.  The 
epimeron  of  the  fourth  somite  is  particularly  broad.  That 
of  the  last  thoracic  somite  is  not  bounded  posteriorly  by 
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a  groove,  but  is  continuous  with  the  sternum  of  the  same 
segment. 

In  their  natural  position  the  gills  lie  upon  the 
thoracic  epimera. 

The  Abdomen. 

The  abdomen  is  continuous  with  the  posterior  part 
of  the  cephalothorax.  The  connection  is  effected  by  means 
of  an  arthrodial  membrane,  which  allows  of  considerable 
movement  between  the  two  regions.  The  abdomen  is 
small  and  in  its  natural  position  is  closely  applied  to  the 
sternal  region  of  the  thorax.  This  region  differs  in  the 
two  sexes,  being  much  broader  in  the  female  than  in  the 
male.  This  character  provides  a  useful  and  ready  method 
of  distinguishing  between  the  two  sexes.  There  are  other 
differences  which  require  a  more  detailed  examination. 

Female. 
(PI.  I,  fig  2,  PL  IV,  fig.  32,  PI.  V,  fig.  34.^ 

This  consists  of  six  somites  and  the  telson,  all  of 
which  are  freely  movable.  When  lying  in  position  it 
extends  as  far  forward  as  the  posterior  end  of  the  sternum 
of  the  third  thoracic  somite.  The  locking  arrangement 
for  keeping  the  abdomen  closely  applied  to  the  thoracic 
sternum  is  not  so  well  developed  as  in  the  male.  It 
consists  of  two  extremely  small  tubercles  on  the  fifth 
thoracic  sternum  which  fit  into  two  slight  depressions  at 
the  postero-lateral  corners  of  the  ventral  side  of  the  sixth 
abdominal  somite.  The  total  length  of  the  abdomen  is 
2^  times  as  much  as  its  greatest  width. 

There  are  four  pairs  of  appendages,  one  pair  being 
borne  on  the  second  and  on  each  of  the  three  following 
somites,  respectively. 
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On  the  dorsal  side  of  the  abdomen  the  terga  are 
separated  from  the  pleura  by  two  longitudinal  grooves. 
Ventral  ly  the  median  portion  is  covered  by  a  thin 
uncaleified  cuticle  and  the  outline  of  the  hind-gut  is 
clearly  seen. 

The  hind-gut  opens  on  the  ventral  side  of  the  telson 
at  the  anus. 

Only  the  first  somite  requires  any  special  comment. 
The  upper  side  of  this  somite  is  prolonged  forward  as  a 
thin  triangular  flap,  the  apex  of  which  points  anteriorly. 
This  triangular  portion  is  covered  by  the  carapace,  only  a 
narrow  region  at  the  posterior  end  of  the  somite  being 
exposed.  All  around  the  anterior  edge  of  this  somite  is  a 
thin  membrane  which  is  continuous  with  the  posterior 
region  of  the  cephalothorax. 

The  first  two  somites  are  hollowed  out  laterally  to 
provide  free  movement  for  the  last  pair  of  thoracic  legs. 

Male    (PI.  I,  fig.  3). 

When  lying  in  position  the  abdomen  extends  slightly 
in  front  of  the  middle  of  the  fourth  thoracic  sternum. 
It  is  slightly  shorter  than  the  female  abdomen  and  much 
narrower.  As  in  the  latter,  the  sides  of  the  first  two 
somites  (and  also  part  of  the  third)  are  hollowed  out  and 
pass  round  the  inner  sides  of  the  last  pair  of  thoracic 
appendages. 

The  first  somite  has  the  same  arrangement  as  in  the 
female.  The  anterior  part  of  the  dorsal  side  is  triangular 
and  is  covered  by  the  carapace. 

The  third,  fourth  and  fifth  somites  are  fused  together 
so  that  there  is  absolutely  no  movement  between  them. 
The  sutures  marking  their  separation  still  persist. 

There  are  only  two  pairs  of  appendages  which  are 
present    on    the   first    and   second   somites    respectively. 
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These  appendages  are  peculiarly  modified  to  act  as 
copulatory  organs  (see  sections  on  Appendages  and  Repro- 
ductive System). 

The  male  abdomen  is  much  more  closely  applied  to 
the  thorax  than  is  the  case  in  the  female.  This  is  partly 
due  to  the  small  number  of  appendages  and  also  to  the 
very  effective  locking  apparatus.  The  latter  is  similar 
to  that  described  in  the  female  and  the  position  of  the 
parts  is  the  same,  but  the  tubercles  on  the  thoracic 
sternum  are  much  larger,  as  is  also  the  case  with  the 
concavities  on  the  sixth  abdominal  somite. 

Below  are  given  the  measurements  of  the  abdomen 
of  a  male  and  female,  both  having  a  carapace  breadth  of 
23-5  cm. 


1 

■VT                  t 

Female. 

1            Male. 

No.  of 

Somite. 

Greatest 

Greatest 

'    Greatest 

(Ireatest 

length.      1 

\ 

1 

width. 

length. 

width. 

1 

mm. 

inni. 

mm. 

mm. 

1 

17 

25 

17 

22 

2 

8 

22 

8 

17 

3 

7 

30 

7 

23 

4 

8    : 

32 

8 

20 
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10       I 

35 

1        9 

17 

6 

1       20 

35 

i       1^ 

IG 

Teison 

18 

1 

21 

13 

1 

18 

Total  length 

,  88  mm. 

:  Total  leiigl 

th.  75  mm. 

% 


External     apertures. 

The  external  openings  are  as  follows :  — 
The  Mouth — a  median  aperture  on  the  ventral  side 
of  the  cephalic  region  between  the  mandibles. 
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The  Anus — a  median  aperture  on  the  ventral  side  of 
the  telson. 

The  Exoretory  Openings — one  pair.  These  are 
situated  at  the  base  of  the  second  antennae  on  the  ventral 
side.     Each  is  covered  by  an  operculum. 

The  Female  ReproduotlYe  Openings— one  pair.  These 
are  two  large  apertures  on  the  sternum  of  the  sixth 
thoracic  somite. 

The  Hale  ReproduotiYe  Openings — one  pair.  These 
are  situated  on  the  ventral  side  of  the  coxopodites  of  the 
last  pair  of  thoracic  appendages. 

Appendages  (Plate  II). 

There  are  five  pairs  of  appendages  on  the  head  and 
eight  pairs  on  the  thorax.  There  are  four  pairs  of 
abdominal  appendages  in  the  female  and  only  two  pairs 
in  the  male.     The  appendages  are  as  follows :  — 


Cephalon.     Somite 


»» 


>♦ 


>i 


»• 


Thorax.       Somite 


»» 


»» 


»> 


»» 


>> 


ft 


9> 


I. — Iflt  Antennae  (Antennules). 

II. — 2nd  Antennae. 
III. — Mandibles. 
IV. — Ist  Maxillae. 

V. — 2nd  Maxillae. 

VI. — Ist  Maxillipedes. 
VII. — 2nd  Maxillipedes. 
VIII. — 8rd  Maxillipedes. 
IX. — 1st  Pereiopods. 
X. — 2nd  Pereiopods. 
XI. — 8rd  Pereiopods. 
XII. — 4th  Pereiopods. 
XIII. — 5th  Pereiopods. 


Female. 

Abdomen.    Somite  XIV. — Absent. 

XV. — Ist  Pleopods. 
XVI. — 2nd  Pleopods. 
XVII.— 3rd  Pleopods. 
XVIII.— 4th  Pleopods. 
XIX. — ^Absent. 


♦  » 


»» 


» > 


ft 


Male. 

1st  Pleopods. 

2nd  Pleopods. 

Absent. 

Absent. 

Absent. 

Absent. 
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The  First  Antenna  or  Antennule  (PL  II,  fig.  4,  PL 
III,  fig.  20)  is  situated  in  a  deep  depression  on  the  ventral 
side  of  the  cephalic  sternum  (s.aA).  This  depression  or 
socket  is  bounded  in  front  by  the  rostrum  (rost.),  and 
behind  by  the  lateral  expansion  of  the  first  sternum  (S^). 
The  outer  boundary  is  formed  by  the  inner  edge  of  the 
second  antenna  {ant,),  and  the  inner  boundary  by  the 
median  portion  of  the  first  sternum.  The  appendage 
consists  of  a  broad  basal  joint,  from  which  is  given  off  on 
its  inner  side  a  two-jointed  portion.  These  three  pieces 
together  form  the  protopodite  (prot,).  From  the  end  of 
the  distal  segment  of  the  protopodite  arise  two  many- 
jointed  flagella — an  inner  endopodite  {end,)  and  an  outer 
exopodUe  {ex,).  The  exopodite  is  the  larger  of  the  two, 
and  bears  on  its  inner  side  a  tuft  of  long  setae.  The 
**  olfactory  "  setae  are  small  setae  on  the  ventral  side  of 
the  exopodite  (see  section  on  Sense  Organs). 

On  the  dorsal  side  of  the  basal  segment  of  the 
protopodite  is  a  lougitudinal  groove  covered  with  long 
setae.  This  groove  marks  the  place  where  the  auditory 
sac  opens  to  the  exterior  in  the  young  animal.  In  the 
adult  crab  this  groove  is  completely  closed,  although  it 
remains  open  a  short  time  after  ecdysis. 

In  their  natural  position  the  three  parts  of  the 
protopodite  are  folded  on  one  another.  The  second 
segment  is  closely  applied  to  the  inner  side  of  the  basal 
segment.  The  third  segment  is  bent  back  along  the 
dorsal  side  of  the  second,  and  its  distal  end  lies  in  an 
excavation  made  for  its  reception  in  the  dorsal  wall  of  the 
basal  segment. 

Seoond  Antenna  (PL  II,  fig.  5,  PL  III,  fig.  20).  This 
consists  of  a  large  basal  portion  {prot,)  which  is  fused  to 
the  carapace,  and  a  distal  flagellum,  which  consists  of 
two  long  basal  segments  and  a  number  of  short  rings, 
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arising  from  the  anterior  and  inner  region  of  the  basal 
portion.  At  the  posterior  and  outer  corner  of  the  large 
basal  segment  is  the  operculum  (op.),  which  covers  the 
external  excretory  opening.  This  operculum  probably 
represents  the  coxopodUe  and  the  larger  basal  portion  the 
basipodUe,  the  two  together  forming  the  protopodite.  The 
fiagellum  probably  represents  the  endopodUe. 

The  outer  edge  of  the  basipodite  is  fused  to  the  sub- 
hepatic region  of  the  carapace.  Backward  processes  from 
the  supraciliary  {S.L)  and  supra-orbital  lobes  fuse  with 
the  anterior  end  of  the  basipodite.  The  inner  and 
posterior  corner  of  this  segment  is  in  contact  with  the 
lateral  portion  of  the  first  sternum,  and  the  posterior 
border  of  the  same  segment  is  in  contact  with  the 
epistoma. 

The  Mandible  (PI.  II,  fig.  6)  lies  at  the  side  of  the 
mouth.  The  main  portion  is  an  elongated  strongly 
calcified  structure  which  is  divided  into  two  parts — an 
inner  part,  which  projects  over  the  ventral  region  of  the 
mouth,  and  acts  as  the  "  jaw,"  and  an  outer  part,  the 
apophysis  (apoph,),  to  which  are  attached  the  tendons  of 
the  mandibular  muscles.  At  the  outer  extremity  is  the 
tendon  of  the  external  adductor  {t.ex.ad,).  Behind  this, 
attached  to  a  small  projection,  is  the  tendon  of  the 
external  abductor  (t.ex.ah,).  To  the  posterior  and  inner 
side  of  the  apophysis  is  attached  the  tendon  of  the  internal 
adductor  (t.int.ad,).  The  internal  abductor  arises  from 
the  apophysis  on  the  inner  side  of  the  base  of  the  tendon 
of  the  external  adductor.  There  is  no  tendon  for  the 
internal  abductor.  Anteriorly  the  mandibular  palp  (md. 
/mlp.)  arises  from  the  inner  side  of  the  apophysis.  The 
mandible  is  hinged  to  the  epistoma  by  means  of  a  small 
projection  below  the  palp.  There  is  no  definite  hinge 
posteriorly,  but  the  posterior  border  of  the  inner  region 
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of  the  apophysis  is  attached  to  the  metastoma  by  means 
of  a  somewhat  flexible  membrane. 

The  First  Maxilla  (PI.  II,  fig.  7,  PI.  IV,  fig.  26),  which 
arises  immediately  behind  the  mandible,  is  small  and  is 
made  up  of  a  protopodiie  and  endopodite.  The  exopodite 
is  absent.  The  protopodite  is  on  the  inner  side  and  is 
composed  of  two  distinct  pieces— a  narrow  proximal 
cojtopodite  (C.)  and  a  larger  hasipodite  (B.)  which  is 
external  to  the  coxopodite.  The  endopodite  (end,)  arises 
from  the  outer  side  of  the  basipodite,  and  consists  of  a 
broad  proximal  leaf-like  region  and  a  narrower  distal 
region.  From  the  distal  extremity  of  both  parts  of  the 
protopodite  arise  fairly  strong  setae. 

The  Second  Maxilla  (PL  II,  fig.  8,  PI.  IV,  fig.  27) 
consists  of  an  inner  protopodite,  a  median  endopodite 
(end.)  and  an  outer  exopodite  (Scaph,).  The  protopodite 
is  composed  of  a  coxopodite  (C.)  and  a  basipodite  (B,), 
each  of  which  is  bilobed.  The  two  lobes  of  the  coxopodite 
are  long  and  slender,  and  are  clearly  separated  from  one 
another.  Those  of  the  basipodite  are  broader,  and  the 
separation  between  the  two  lobes  is  only  partial.  On  the 
outer  side  of  the  basipodite  is  the  small  endopodite,  which 
ends  in  a  long  narrow  process.  On  the  outer  side  of  the 
endopodite  and  arising  from  the  basipodite,  is  the  large 
modified  exopodite  which  is  known  as  the  scaphognaihUe 
(Scajjh.),  This  is  a  broad  plate  of  irregular  shape  which 
lies  in  the  pre-branchial  chamber.  By  means  of  its  rapid 
and  complicated  movement  it  bales  the  water  out  of  the 
branchial  chamber. 

In  the  First  Maxillipede  (PI.  II,  fig.  9)  the  protopodite 
is  on  the  inner  side.  The  coxopodite  (C.)  is  small  and 
richly  clothed  with  setae,  and  the  hasipodite  (B.)  is  a  long 
lamella  having  two  rows  ot  setae  on  its  outer  edge.  The 
endojwdite  (end,)  is  between  the  exopodite  and  the  proto- 
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podite.  It  is  membranous,  the  proximal  half  being 
flattened  laterally  and  the  distal  half  dorso-veiitrally. 
The  exo podite  {ex.)  is  long  and  slender  and  consists  of  a 
long  proximal  segment,  which  is  as  long  as  the  endo- 
podite,  and  a  distal  many-jointed  flagellum  (flag*) 
which  in  its  natural  position  projects  inwards  at  right 
angles  to  the  proximal  segment.  During  life  this 
flagellum  is  exceedingly  active.  From  the  outer  side  of 
the  protopodite  arises  the  long  flahdlum  (fl(d).)  (or 
epipodite).  This  is  a  long  narrow  membranous  plate  which 
passes  back  into  the  branchial  chamber  above  the  gills. 
The  proximal  portion  of  the  flabellum  is  broad  and  leaf- 
like. 

The  Seoond  Maxillipede  (PL  II,  fig.  10)  has  the 
exopodite  and  flabellum  in  the  same  position  as  in  the 
previous  appendage.  The  flabellum  (flab.),  however,  is 
much  shorter  than  that  of  the  first  maxillipede,  and  lies 
along  the  upper  portion  of  the  thoracic  epimera  and  below 
the  gills.  The  protopodite  is  much  reduced,  but  the 
proximal  coxo podite*  (C)  and  the  distal  basipodiU  {B») 
can  still  be  made  out.  The  endopodite  is  comparatively 
larger  than  the  same  part  in  the  first  maxillipede.  It 
arises  from  the  basipodite  and  is  divided  into  five 
movable  segments.  The  first  or  proximal  segment — the 
ischio podite  (I.)  is  small.  The  second  segment  or 
meropodite  (3/.)  is  the  longest,  and  equal  in  length  to  the 
other  four  segments.  The  three  distal  segments  are 
small,  and  between  the  second  and  third  segment  the 
endopodite  turns  inwards,  the  distal  segments  being  at 
right  angles  to  the  meropodite.  The  m>jne8  of  the  third, 
fourth   and   fifth  segments  are  carpopodite  (C^),  }irapo- 

*  The  following  abbreviations  are  sometimes  used : — coxa  i- 
coxopodite;  basis  =  basipodite;  ischium  =  ischiopodite ;  meras  = 
meropodite ;  carpos  =  carpopodite ;  propos  =  propodite ;  dactyhs  =» 
dactylopodite. 
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dUe  (P,)  and  dactylopodite  (D.)  respectively.  Arising 
from  the  appendage  immediately  in  front  of  the  base  of 
the  flabellum  is  a  podohranch  (pod.  br.)  (see  section  on 
Respiratory  Organs). 

The  Third  Maxillipede  (PI.  II,  fig.  11,  PL  IV,  fig.  30) 
is  built  on  a  similar  plan  to  the  previous  appendage.  The 
basis  and  the  ischium  are  fused  together  to  form  the 
basi'ischium  (B.-I,).  The  podobranch  (pod.  br.)  is  very 
small  and  arises  from  the  coxopodite.  The  flabellum 
(flab,)  lies  on  the  lower  part  of  the  thoracic  epimera  below 
the  gills.  The  endopodite  and  exopodite  (ex,)  are  closely 
applied  together  and  are  much  flattened  so  as  to  form 
with  the  same  appendage  of  the  other  side  an  eflFective 
operculum  closing  over  the  remaining  mouth  parts,  and 
preventing  the  exhalent  current  of  water  from  the 
branchial  chamber  from  passing  out  except  in  front  of  the 
scaphognathite. 

The  mandibles,  maxillae  and  maxillipedes  all  lie 
around  the  mouth  in  the  large  depression  between  the 
anterior  parts  of  the  sub-branchial  regions  of  the 
carapace.  The  ventral  side  of  the  third  maxillipedes  is 
on  a  level  with  the  sub-branchial  region.  As  the 
flabellum  of  this  appendage  passes  back  into  the  branchial 
cavity,  it  passes  along  the  front  of  the  anterior  inhalent 
branchial  aperture,  and  reduces  the  size  of  the  aperture 
considerably.  At  this  point  the  flabellum*  is  also  richly 
clothed  with  strong  setae,  which  probably  act  as  a 
"  strainer  "  in  conjunction  with  the  setae  present  on  the 
front  part  of  the  coxa  of  the  chela  (see  section  on 
Respiratory  Organs). 

The  First  Pepeiopod  (or  chela)  (PI.  II,  fig.  12,  PI.  Ill, 

*  The  coxopodite  of  the  third  maxillipede  is  prolonged  outwards, 

and  hounds  the  inner  part  of  the  inhalent  aperture.     The  flabeUmn 

hounds  the  outer  part.     Both  are  richly  clothed  with  setae  on  their 
posterior  faces. 
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fip.  21)  IS  the  largest  appendage  in  the  hody.  It  consists 
of  seven  segments  (or  podomeres).  A  comparison  with 
the  third  maxillipede  indicates  that  the  two  proximal 
segments  belong  to  the  protopodite,  and  the  remaining 
five  to  the  endopodite.  There  is  no  exopodite  present. 
The  seven  segments  have  the  same  names  as  the  similar 
parts  in  the  third  maxillipede.  With  the  exception  of 
the  second  and  third  segments,  which  are  fused  together 
to  form  the  hasi 'ischium  (B-I,),  all  the  parts  are  freely 
movable.  The  basi-ischium  has  a  thin  groove  running 
around  it,  which  marks  the  separation  of  this  fused 
portion  into  its  two  constituent  parts.  This  groove  is 
known  as  the  fracture  plane  because  it  is  at  this  point  that 
the  animal  fractures  the  limb  during  the  process  of  self- 
nraputation  (see  section  on  Autotomy).  The  two  distal 
segments  of  the  limb  are  slightly  modified  to  form  the 
piiK-er  which  constitutes  an  effective  prehensile  organ. 

Each  of  the  movable  segments  swings  in  a  different 
plane,  so  that  the  combined  movement  of  the  whole 
appendage  is  a  very  complete  one.  The  coxopodite  (C) 
articulates  with  the  body  by  means  of  two  hinges,  one 
being  dorsal  (PI.  IIL,  fig.  21,  d,)  and  the  other  ventral 
(v.).  The  dorsal  hinge  is  attached  to  the  ant ero- ventral 
corner  of  the  epimeron  of  the  fourth  thoracic  somite,  and 
the  ventral  hinge  articulates  at  the  postero-lateral  comer 
of  the  sternum  of  the  same  segment.  Thus  the  motion  of 
the  coxopodite  is  in  a  horizontal  plane,  moving  backward 
and  forward.  The  fused  basi-ischium  (/?.-/.)  articulates 
with  the  coxa  by  an  antero-dorsal  (d^)  and  a  postero- 
ventral  hinge  (r^),  and  the  movement  is  upwards  and 
downwards  in  a  plane  making  an  angle  of  about  45®  with 
the  vertical.  The  meros  (M\)  has  very  little  movement. 
Its  two  hinges  are  antero-dorsal  (d^)  and  postero-ventral 
respectively  (r^),  and  the  small  degree  of  movement  of 
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which  this  segment  is  capable  is  almost  in  a  vertical 
plane.  The  two  hinges  of  the  carpos  (C^)  are  situated 
dorsally  (d^)  and  ventrally  (v^),  and  the  segment  moves 
forward  and  downward.  The  propodite  (P.)  has  two 
hinges — dorsal  (rf*)  and  ventral  (v*).  The  former  is 
external  to  the  latter,  and  the  segment  moves  forward 
and  slightly  upward.  In  the  dactylos  (D.)  the  hinges  are 
horizontal  and  the  segment  swings  in  a  vertical  plane. 

The  dinaensions  of  the  various  segments  of  the  chela 
in  a  female  crab  (carapace  breadth  23*5  cm.)  are  as 
follows :  — 


Anterior  length. 

Posterior  length. 

Coxopodite   ... 

7  mm. 

11  mm. 

Basi-ischiopodite 

...       17     „ 

6     „ 

Meropodite  ... 

...       19     „ 

...       32     „ 

Carpopodite . . . 

...       10     „ 

...       30     „ 

Propodite     . . . 

...       50     „ 

...       20     „ 

Dactylopodite 

...       20     „ 

...       80     „ 

The  dorsal  sides  of  the  basi-ischium  and  of  the  meros 
are  flattened  so  that  they  can  be  closely  applied  to  the 
anterior  portion  of  the  sub-branchial  and  subhepatic 
regions  of  the  carapace,  and  in  these  places  setae  are 
absent  from  the  carapace. 

Between  the  meros  and  the  carpos  the  limb  is  capable 
of  bending  on  itself,  so  that  the  anterior  borders  of  the 
propodite  and  the  rarpos  become  closely  applied  to  the 
anterior  borders  of  the  basi-ischium  and  the  meros. 

On  the  dorsal  side  of  the  basi-ischium  and  meros 
there  are  irregular  grooves.  These  are  the  lines  of 
absorption  (PI.  II,  fig.  12,  ahs.)  (see  section  on  Ecdysis). 

Pepeiopods  2-5  (PI.  II,  fig.  Vi).  These  are  known  as 
the  '*  walking  legs."  Their  essential  structure  is  the 
same  as  that  of  the  chela.  The  one  obvious  difference  is 
that  in  all  the  walking  legs  the  propodite  has  not   an 
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outgrowth  which,  in  conjunction  with  the  dactylos,  forms 
a  pincer.  In  other  words,  the  walking  legs  terminate  in 
a  single  claw,  and  are  not  chelate. 

The  three  terminal  segments  are  capable  of  being 
flexed  upon  the  proximal  segments.  This  flexion  is  in  a 
vertical  plane. 

PleopodB  (Female)  (PI.  II,  fig.  17).  There  are  four 
pairs  of  appendages  on  the  female  abdomen,  one  pair 
being  situated  on  each  of  the  second,  third,  fourth  and 
fifth  somites  respectively.  They  are  all  similar  in 
structure.  Each  pleopod  is  attached  to  the  abdomen  by 
a  basal  piece — the  protopodite  (prot.).  From  this  arise 
two  long  pieces — an  outer  ejcopodite  (e,t.)  and  an  inner 
endopodite  (end,).  The  exopodite  is  almost  cylindrical 
in  section,  and  about  half  as  long  as  the  abdomen. 

From  the  outer  and  inner  edges  of  the  exopodite 
rows  of  setae  arise.  Each  seta  has  short  fine  branches 
given  off  from  each  side  of  the  central  stem.  The  endo- 
podite is  about  as  long  as  the  exopodite.  About  one-third 
of  its  length  from  the  base  is  a  well-defined  transverse 
groove.  The  setae  are  arranged,  as  in  the  exopodite, 
along  the  outer  and  inner  edges,  but  they  arise  in  small 
bundles.  The  setae  are  very  long  and  do  not  bear  off- 
shoots except  near  the  tip,  where  there  are  a  few  very 
fine  short  branches.  The  eggs  are  attached  to  the 
eiidopoditic  8eta*« 

Pleopods  (Male)  (PL  II,  figs.  14,  15,  16).  There  are 
two  pairs  of  abdominal  appendages  in  the  male,  which  are 
situated  on  the  first  two  somites.  Both  pairs  are  greatly 
modified  and  act  as  copulatory  organs  (see  section  on 
Reproductive  Organs). 

First  jjair  (PI.  II,  fig.  14).  Each  consists  of  two 
parts — a  broad  basal  portion,  probably  the  protopodite 
(prot.)f  and  an  elongated  distal  portion,  which  is  rolled 
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on  itself  longitudinally  to  form  a  tube.  This  distal 
portion  probably  represents  the  endopodite  (end,).  The 
two  basal  portions  fuse  in  the  middle  line,  thus  forming 
a  tunnel-like  structure  extending  backward  below  the 
second  somite.  Below  the  fused  basal  portions  of  the  first 
pleopods  arise  the  second  pair  of  appendages  (PL  II, 
fig.  15).  Each  consists  of  two  parts-  a  horizontal  rod 
(prot,)  projecting  posteriorly,  and  a  vertical  rod  (end.) 
attached  to  the  posterior  end  of  the  first  portion.  The 
vertical  rod  is  divided  into  two  parts  by  a  transverse 
groove.  The  horizontal  rod  probably  represents  the 
protopodite,  and  the  vertical  portion  is  the  endopodite. 
There  is  no  trace  of  an  exopoditc  on  any  of  the  male 
pleopods. 

The  vertical  rod-like  portion  of  the  second  pleopod  fits 
into  the  tube  of  the  first  pleopod. 

ENDOPlIKArxMAL    SKELETOX 

(PI.   Ill,    fig.   IS.  Text   figs.   A,   o,   0,   7). 

The  post-oral  region  of  the  cephalothorax  has  an 
extremely  complex  system  of  internal  ])lntcs,  known 
as    the    e  n  d  o  p  h  r  n  g  m  a  1    skeleton.     Essentially 

this    svstem    mav    be    said    to    consist    of   a    number    of 

»■  » 

inwardly-projecting  plaies  arranged  transversely  so  as  to 
divide  up  the  interior  of  the  cephalothorax  into  a 
series  of  irregular  compartments.  EiH*h  partition,  or 
a  r  t  li  r  o  p  h  r  a  g  m ,  arises  at  the  junction  of  two  somites, 
and  is  formed  by  an  infolding  of  the  sternal  and  epimeral 
exoskelcton  between  these  somites.  Thus,  cacrh  plate  of 
the  endopliragmal  skeleton  is  double,  and  is  composed  of 
two  flattened  plates  nf  exoskelcton  which  are  closely 
applied  together. 

The  primary  function  of  th(^  endopliragmal  system  is 
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to  afford  attac-limciit  for  the  muscles  of  the  proximal 
region  of  the  appendages  in  this  region  of  the  body.  It  is 
also  useful  in  supporting  and  protecting  certain  portions 
of  the  viscera. 

Although  at  first  sight  the  artlirophragms  of  the  first 
five  post -oral  cephahjthoracic  somites  differ  in  a  marked 
(h'gree  from  those  of  the  posterior  thoracic  region,  it  will 
be  shown  that  all  are  built  on  the  same  plan. 

DiLSCKirrioN  of  a  Typjcal  AirriiKonittAGM 

(Text  fig.  4). 

The  fourth  thoracic  arthrophragm  (between  the 
fourth  and  fifth  thoracic  somites)  may  be  taken  as  a  type. 
It  is  a  vertical  partition  extending  inwards  at  each  side 
from  the  line  of  junction  of  the  fourth  and  fifth  thoracic 
epimera.  llie  portion  of  the  partition  in  contact  with  the 
thoracic  sternum  arises  between  the  fourth  and  fifth 
thoracic  sterna.  Thus  we  may  distinguish  between  two 
kinds  of  plates,  viz.,  those  growing  inwards  from  the 
epimera — the  endopleurites  (PI.  Ill,  fig.  18,  cyy.,  also 
Text  figs.  4,  5,  7),  and  those  arising  from  the  inner  side 
of  the  sternum  the  endosternites.  Each  arthrophragm 
consists,  therefore,  of  an  outer  endopleurite  and  an  inner 
cndostcrnite  at  each  side  of  the  middle  line.  The  two 
endosternites  in  the  arthrophragm  under  discussion  are 
separated  from  each  other  in  the  middle  line  by  the 
meilinti  phitc  (fig.  18,  med.  p.),  which  is  an  ingrowth  from 
the  median  suture  present  on  the  last  four  thoracic  sterna. 
The  plates  of  which  the  arthrophragm  is  composed  are 
sometimes  known  as  the  *'  apodemata." 

The  E  n  d  0  s  t  e  r  n  i  t  e  is  irregular  in  shape  and  has 
five  jjrincipal  borders. 

llie  median  border  is  vertical,  and  is  the  part  of  the 
endosternite  in  contact  with  the  median  plate. 
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The  tlcriKil  border  (Tc::t  fig.  4,  Sh.  s.)  is  in  coiitait 
with  the  sterDum,  and  forms  ILl-  ventral  boundary  of  the 
endosternite. 

The  articular  border  (-46.  .<-)  passes  upwards  and  out- 
wards, and  is  equal  in  length  to  the  sternal  border.  It  is 
connected  with  the  arthrodial  membrane  in  contact 
with  the  cosopodites  of  the  fourth  and  fifth  thoracic 
appendages. 


£[Kflwnin,L±J  End<^tu.hU,^€iidedaniti,M'Meduui^UU',mSUrmii 
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—Diagram  ui  a  typical  artbropbragm. 


Db.p.  =  dorsal  border  of  the  endopleuritc. 
Db.a.   —  donal  border  of  the  endoatemite. 
Eb.p.  =  epimeTsl  bolder  of  the  endopleariU<. 
Ab.p.  =  erticnlar  border  of  the  endopleurite. 
Ab,>,   =  artioulKr  border  of  the  endoatemite. 
8b,i.    =  atenial  border  of  the  endoatemite. 
A.F.    =  apodemal  foramen. 


The  outer  border  passes  inwards  and  upwards,  and  at 
its  upper  and  lower  ends  fuses  with  the  endopleurite. 
This  fusion  is  interrupted  in  the  middle  region  of  the 
border  by  the  large  apodemal  foramen  (-4-^.)  which  lies 
between  the  endosternite  and  endopleurite. 

The  inner  part  of  the  dorsal  harder  [Db.  $.)  passes 
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upwards  mid  outwards  from  the  median  line,  describing 
almost  a  semi-circle.  The  upper  edge  of  the  semi- 
circle almost  reaches  the  median  line.  Thus  the  inner 
portion  of  the  dorsal  border  of  each  side  surrounds  an 
almost  closed  cavity,  which  corresponds  to  the  **  sternal 
canal ''  of  the  Macrura. 

The  E  n  d  o  p  1  e  u  r  i  t  e  is  rectangular  in  shape,  and 
its  length  is  about  twice  as  great  as  its  width.  Four 
borders  may  be  distinguished. 

The  inner  border  is  in  contact  with  the  outer  border 
of  the  endosternite  at  its  upper  and  lower  ends.  In  the 
intermediate  region  it  forms  the  outer  boundary  of  the 
apodemal  foramen. 

The  articular  border  {Ah,  j^-)  is  in  contact  with  the 
upper  part  of  the  arthrodial  membrane  connecting  the 
coxopodites  of  the  fourth  and  fifth  thoracic  appendages. 

The  epimeral  border  [Eh.  p.)  is  in  contact  with  the 
fourth  and  fifth  thoracic  epimera. 

The  dorsal  border  [Db.  p.)  bounds  the  dorsal  free  end 
of  the  endopleurite 

Above  the  apodemal  foramen  the  endopleurite 
becomes  fused  on  its  posterior  face  with  the  following 
arthrophragm,  and  the  anterior  face  of  the  arthrophragm 
under  discussion  becomes  fused  with  the  preceding 
endopleurite. 

All  the  arthroi)hragms  of  the  post-oral  cephalo- 
thorucic  region  are  built  on  the  above  plan,  that  is  to 
SUV,  each  somite  has  one  endosternite  and  one  endopleurite 
at  each  side.  But  in  some  cases  the  homology  is  very 
much  disguised. 

The  last  five  thoracic  arthrophragms  are  very  similar 
to  the  one  described,  but  the  anterior  arthrophragms  are 
extremely  reduced.  It  is,  therefore,  advisable  to  describe 
the  endophragmal  skeleton  in  two  parts. 
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(1)  The  last  five  thoracic  urthruphragms,  beginning 
in  front  and  working  backward  (posterior  thoracic). 

(2)  The  two  post-oral  cephalic  arthrophragms  and 
the  first  three  thoracic  arthrophragms,  beginning  behind 
and  working  forward  (anterior  post-oral). 

(1)  Posterior  Thoracic   Ekdophraghal  System 
(PL  III,  fig.  18,  and  text,  fig.  5). 

This  consists  of  the  arthrophragms  of  the  last  five 
thoracic  somites  f 

The  median  plate  commences  at  the  posterior  end  of 
the  fourth  thoracic  sternnm.  At  first  it  is  extremelv 
shallow,  but  as  it  proceeds  posteriorly  it  increases  in 
height.     It  is  present  in  the  last  four  thoracic  somfttes. 

As  in  other  parts  of  the  endophragmal  system,  the 
median  plate  is  composed  of  two  closely  applied  portions 
of  the  exoskeleton.  In  the  fifth  thoracic  somite  these  two 
parts  remain  separate,  and  the  cavity  between  them  opens 
to  the  exterior  at  the  posterior  end  of  the  fourth  thoracic 
sternum. 

Each  endosternite  is  at  right  angles  )to  that  part  of 
the  sternum  from  which  it  arises,  and  similarly  each 
endoplcurite  arises  at  right  angles  to  the  epimeron.  If 
the  sternum  were  horizontal  throughout  its  entire  length, 
and  also  if  the  epimeral  wall  at  each  side  were  vertical, 
the  endophragmal  system  would  be  represented  by  a  series 
of  vertical  partitions  arranged  one  behind  the  other.  This 
is  the  case  in  the  Alacrura.  In  the  Brachyura,  however, 
neither  the  sterna  nor  epimera  follow  this  arrangement. 
The  thoracic  sternum  is  extremely  convex  antero- 
posteriorly  and  has  an  extreme  upward  tilt  at  its  posterior 
end.  The  epimeral  wall,  instead  of  having  a  flat  surface, 
is  extremely  convex  on  its  outer  face.  The  shape  of  the 
sternum  and  of  the  epimeral  wall  gives  rise  to  much 
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complexity  in  the  endophragmal  sysiem  of  the  last  five 
thoracic  somites.  The  endosternite  and  the  endopleiirite 
of  the  same  arthrophragm  instead  of  being  in  the  same 
phine,  as  in  the  ilacrura,  may  be  situated  at  a  (consider- 
able angle  to  each  other,  so  that  it  is  difficult  to  believe 
that  they  belong  to  the  same  segment.  The  fifth  endos- 
ternite is  almost  vertical,  but  the  succeeding  endosUTnites 
incline  more  and  more  forward  until  the  last  arthro- 
phragm is  practically  horizontal. 

The  endopleurites  of  each  arthrophragm  become  fused 
with  the  anterior  face  of  the  following  arthrophragm,  and 
thus  we  have  each  somite  divided  into  four  chambers. 
There  is  an  outer  chamber  at  each  side  lying  between  two 
consecutive  endopleurites,  and  bounded  on  the  outer  side 
by  the  epimeron  and  on  the  inner  side  by  the  backward 
growth  of  the  endopleurite.  These  chambers  may  be 
called  the  Pleural  muscle  ihamhers  (Text  fig.  (i,  1\), 

There  is  also  an  inner  chamber  at  each  side,  lying 
between  two  consecutive  endosternites,  and  separated  from 
one  another  by  the  median  plate.  AVe  designate  these  the 
Sternal  muscle  chambers  (Text  fig.  0,  *?.). 

These  pleural  and  sternal  muscle  chambers  contain 
the  muscles  which  work  the  two  basal  segments  of  the 
appendages  in  this  region. 

The  muscle  chaml>er  of  the  last  walking  leg  is  not 
divided  into  parts  owing  to  the  absence  of  a  separate 
endopleurite  in  this  somite.  Therefore  this  last  muscle 
chamber  mav  be  known  as  the  Plenro-Sfernal  muscle 
chamber  (Text  fig  (i,  PS.).  Each  of  these  chambers  has 
an  antero-lateral  prolongation,  whi(di  extends  forward  as 
far  as  the  posterior  face  of  the  fourth  thoracic  arthro- 
j)hragm. 

The  fourth  thoracic  arthrophragm  (Text  fig.  -3,  .1.) 
arises  between  the  fourth  and  fifth  thoracic  somites.  This 
arthrophragm  has  already  been  described. 


Tlio  fifth  thoracic  arthrophpagm  (Tt\t  fip.  "i,  li.) 
arises  between  the  Hfth  ami  si\tli  tlioi  it  ic  somites.  All 
the  parts  are  very  Rimiliir  to  those  (l4S(ribe(l  in  the  fourth 
ai't]n-<>]ihrngni.        Tlio    sternal    lioiikr    i-.    sliglitly     more 


Fui.  5. — Anterior  view  of  llic  left  side  of  thoracic  Brthrophmgms. 
=  4th  thoracic  arthrophragiii.  B.  sfith  thoraeie  arthrophnglD. 

=  6th  thoraeic  arlhrophragm.  IJ.  =  7th  thoracic  iirthrophragnt. 

(The  parta  are  shaded  sB  in  Fig.  4). 
=liiie  of  fiitfinn  with  the  following  arthrophTagm.     ^ 
=  line  of  fusion  with  the  3rd  thoracic  endopleurite. 
=  line  of  fiinion  with  the  4th  thoracic  endopleiiritc. 
=  line  of  f  UHion  witli  posterior  face  of  the  preceding  thoracic  cndOK(«mite. 
=  antero-lateral  pxtensioa  of  pleuro-Btemal  muscle  chninber. 
=  liDe  of  fusion  with  the  6th  thoracic  endopleuritp. 
=  line  of  fusion  with  the  6th  thoracic  endoplciirite. 
saline  of  fusion  with  the  Gth  thoracic  endostcmite. 


tirchod.  The  apoilemal  loraiueii  is  uot  quite  so  large. 
There  is  an  additional  cavity  left  in  the  dorsal  side  of  the 
endusteruite  at  each  side  {m.)       This  is  formed  hy  the 
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anterior  prolongation  of  the  last  pleiiro-sternal  muscle 
chamber. 

The  endosternite  is  almost  vertical,  but  there  is  a 
slight  forward  tilt.  The  endopleurite  is  slightly  concave 
on  its  anterior  face,  and  its  plane  is  slightly  posterior  to 
that  of  the  endosternite.  The  border  of  the  endosternite 
surrounding  the  sternal  canal  has  a  slight  notch.  Around 
the  foramen  of  the  pleuro-sternal  muscle  chamber  the 
endosternite  of  this  arthrophragm  fuses  in  front  with  the 
fourth  endosternite  (/.)  and  posteriorly  with  the  sixth 
endosternite.  Similarly  along  the  outer  border  of  the 
endosternite,  above  the  apodemal  foramen,  this  arthro- 
phragm is  fused  in  front  with  the  fourth  endopleurite  (k) 
and  behind  with  the  sixth  endopleurite. 

The  sixth  thoraoio  arthrophragm  (Text  fig.  o,  C) 
arises  between  the  sixth  and  seventh  thoracic  somites. 

The  endosternite  is  convex  on  its  anterior  face,  and 
its  plane  is  inclined  considerably  forward.  Its  median 
border  is  longer  than  in  the  previous  arthrophragms.  The 
notch  in  the  sternal  canal  is  much  more  pronounced  than 
in  the  fifth  arthrophragm.  The  upper  border  of  the 
sternal  canal  is  bent  posteriorly,  and  its  inner  tip  becomej? 
fused  with  the  upper  edge  of  the  median  plate  in  the  last 
somite.  The  dorsal  border  is  fused  with  the  anterior  (or 
dorsal)  edge  of  the  last  arthrophragm.  In  this  way  the 
seventh  endosternite  is  completely  roofed  over  and  cannot 
be  seen  clearlv  until  the  sixth  endosternite  is  removed. 
As  in  the  previous  arthrophragm,  there  is  a  large  foramen 
iu  the  dorsal  region  of  the  endosternite  through  which 
the  pleuro-sternal  muscle  chamber  passes  (m.). 

The  endopleurite  is  very  similar  to  that  of  the  fourth 
arthrophragm.  At  the  junction  of  the  endosternite  and 
endopleurite  this  arthrophragm  fuses  in  front  with  the 
fifth  endopleurite  (/{.),  and  behind  with  the  seventh  endo- 
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pliuirito.  AIm)  at  the  cd^o  of  tlu'  fonuiiCMi  bouiuliiig  the 
pluuro-stcriial  muscle  chamber  this  eiidosternite  is 
fused  in  front  to  the  fifth  and  heliind  to  the  seventh 
eiidosternite  (/.)• 

The  seventh  thoracic  arthrophragm  (Text  fig.  j,  D.) 
lies  between  the  seventh  and  eighth  ihoraeic  somites. 

The  endosternite  is  inclined  at  an  angle  of  00°  to  the 
vertical,  the  upper  border  being  anterior.  It  is  almost 
completely  covered  by  the  overhanging  sixth  endosternite. 
The  median  border  is  very  deep  and  the  sternal  canal  is 
very  small.  The  dorsal  border  is  almost  level,  and  partly 
bounds  the  ventral  side  of  the  pleuro-sternal  muscle 
chamber.  The  endosternite  does  not  completely  surround 
this  chamber  as  in  the  two  previous  arthroj)hragnis.  The 
sternal  border  is  inclined  at  a  considerable  angle  to  the 
horizontal.     The  apodemal  foramen  is  small. 

The  phme  of  the  emlopleurite  is  almost  at  right 
angles  to  that  of  the  endosternite.  At  the  junction  of  the 
endosternite  and  endopleurite  this  arthrophragm  fuses  in 
front  with  the  sixth  endopleurite  (o.J,  and  where  the 
endosternite  borders  the  pleuro-sternal  muscle  chamber 
there  is  a  fusion  with  the  sixth  endosternite  (/>.). 

The  eighth  thoracic  arthrophragm  (1*1.  Ill,  fig.  l^{, 
c.  St.  I'i)  lies  at  the  posterior  end  of  the  last  thoracic 
somite.  In  this  ^omite  there  is  no  sejjarate  epimerou. 
It  is  probably  fused  with  the  sternum.  The  arthro- 
jihragm,  therefore,  shows  no  division  into  endosternite 
and  endopleurite.  li  may  be  accepted,  however,  that  this 
arthrophragm  represents  the  fused  endosternite  and  endo- 
pleurite. It  consists  of  two  halves,  which  are  separated 
in  the  median  line  by  the  posterior  end  of  the  median 
plate.  This  arthrophragm  is  practically  horizontal,  and 
was  designated  the  **  sella  turcica  "  by  Milne-Edwards. 
As  already  stated,  the  last  arthrophragm  fuses  in  front 
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with  the  (Inrnal  border  of  the  sixth  endosternite.    Between 

this  iirthroiihi'apTii  a.nd  the  seventh  endoplfurite  there  is 
a  large  foramen. 
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(1)  There  is  no  median  plate.  This  only  begins  at 
the  level  of  the  fourth  thoracic  arthrophragm. 

(2)  The  post-oral  sterna  anterior  to  the  fourth 
thoracic  arthrophragm  are  all  fuseij  together.  Con- 
sequently there  can  be  no  broad  plate-like  endosternitea 
formed  as  in  growths  between  the  somites.  The  small 
endosternite  present  in  each  somite  of  this  region  is  rod- 
like,  and  represents  merely  the  articular  border  of  the 
typical  endosternite.  (The  third  thoracic  endosternite 
has  the  form  of  a  fairly  broad  and  deep  plate,  and  is 
therefore  an  exception  to  this  rule.) 

(3)  The  epimera  in  front  of  the  second  thoracic 
arthrophragm  are  fused  together,  so  that  the  endopleurite 
in  these  somites  are  extremely  reduced  and  represent  only 
the  articular  border  of  the  typical  endopleurite. 

Here,  as  in  the  posterior  thoracic  region,  each 
endopleurite  gives  off  a  posterior  out-growth,  which  fuses 
with  the  following  arthrophragm.  So  that  pleural 
muscle  chambers  and  sternal  muscle  chambers  mav  be 
made  out,  but  owing  to  the  rod-like  nature  of  their  con- 
stituent parts,  they  have  a  very  different  appearance  from 
the  muscle  chambers  of  the  posterior  somites  of  the 
thorax  (see  Text  fig.  6,  also  PI.  Ill,  fig.  18). 

The  third  thoracic  arthrophragm  (Text  fig.  7,  E.) 
arises  between  the  third  and  fourth  thoracic  somites. 

Each  endosternite  (PI.  Ill,  fig.  18,  e.st.8)  differs  from 
that  of  the  typical  arthrophragm  described  above.  It 
arises  merely  from  the  outer  edge  of  the  sternum,  so  that 
the  two  endosterniles  are  separated  from  each  other  by 
tlio  entire  width  of  the  sternum  in  this  region.  The 
endosternite  is  a  broad  and  deep  ])laie  facing  downwards 
and  backwards.  The  dorsal  and  inner  corner  is  prolonged 
inwards  and  backwards  and  almost  nieetj^  the  similar  part 
from  tlic  other  side. 


2S9 


B. 


D. 


Fi.).  7. 

A.  =  anterior  view  of  1st  post-oral  cephalic  arthrophragm. 
B.  — K.  —  anterior  views  of  the  left  side  of  the  following  arthrophragm. 
H.  —  2nd  post-oral  cephalic  arthrophragm. 
C.  —  Ist  thoracic  arthrophragm. 

/>.  -  2nd  thoracic  arthrophragm.     E.  =  3rd  thoracic  arthrophragm. 
(The  parts  are  shaded  as  in  Fig.  4). 
a.  =  junctionof  2nd  cephalic  endopleurite  with  Ist  thoracic  endostemite. 
6.  =  point  of  fusion  between  2nd  thoracic  endostemite  and  2nd  cephalic 
endopleurite. 

c.  —  line  of  fusion  between  2nd  thoracic  endopleurite  and  3rd  thoracic 

endostemite. 

d.  =  point  of  fusion  with  the  Ist  thoracic  endopleurite. 

e.  =  line  of  fusion  between  3rd  thoracic  endopleurite  and  the  4th  thoracic 

endostemite. 
/.  =  line  of  fusion  between  3rd  thoracic  endostemite  and  the  2nd 

thoracic  endopleurite. 
.r.  —  point  of  fusion  between  the  2nd  cephalic  endopleurite  and  the 

2nd  thoracic  endostemite. 
y.  =  point  of  fusion  with  Ist  cephalic  endopleurite. 

(The  dotted  line  in  Fig.  D  represent*  the  3rd  thoracic  endostemite.) 
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On  its  anterior  face  the  endosternite  is  connected 
with  the  narrow  plate-like  second  thoracic  endopleurite 
(/.).  Near  the  point  of  junction  of  these  two  plates  the 
dorsal  and  articular  borders  are  prolonged  backwards  as 
rod-shaped  pieces,  each  of  which  comes  into  contact  with 
anterior  rod-like  outgrowths  from  the  corresponding 
borders  of  the  third  thoracic  endopleurite. 

The  endopleurite  arises  betwen  the  third  and  fourth 
cpimera.  It  gives  off  two  short  anterior  rod-like 
prolongations  from  the  dorsal  and  articular  borders  which 
fuse  with  the  rod-like  extensions  of  the  endosternite 
mentioned  abov^.  The  main  part  of  the  endopleurite, 
however,  consists  of  a  broad  plate,  which  passes  backwards 
and  fuses  with  the  fourth  thoracic  arthrophragm  («.). 

Second  thoracic  arthrophragm  (Text  fig.  7,  D.\ 
The  endosternite  is  much  more  reduced  than  that  of  the 
third  thoracic  arthrophragm.  It  arises  from  the 
upturned  edge  of  the  sternum  in  this  somite,  and  ha^  a 
very  irregular  shape.  Its  inner  portion  passes  upwards, 
and  fuses  with  a  narrow  membranous  process  projecting 
downwards  from  the  last  cephalic  endopleurite  (fc.). 

The  articular  border  is  prolonged  outwards  as  a  rod- 
like process,  which  fuses  with  the  extremely  small 
articular  border  of  the  endopleurite  of  the  same  arthro- 
])hragin.  About  half  way  along  the  articular  border  the 
endosternite  fuses  with  a  posterior  rod-like  extension  of 
the  first  thoracic  endopleurite  (^/.). 

The  endopleurite  of  this  artlirophragm  is  a  deep 
narrow  plate  ari«jing  at  the  junction  of  the  second  and 
third  thoracic  epiniera.  From  its  lower  end  it  sends 
forward  a  short  process  which  fuses  with  the' outer  part  of 
the  endosternite.  The  main  part  of  the  endopleurite 
passes  backwards  nnd  becomes  fused  with  the  third 
tliorncic  oidostei-nite  (C).  as  described  above. 


241 

First  thoraoic  arthrophragm  (Text  fig.  7,  C).  The 
endosternite  arises  from  the  upturned  edge  of  the 
sternum.  It  consists  of  a  simple  rod  which  passes  back- 
wards, upwards  and  outwards  parallel  to  the  articular 
border  of  the  second  thoracic  endosternite.  It  fuses  with 
the  endopleurite  of  the  same  arthrophragm,  but 
immediately  before  doing  so  it  comes  into  contact,  on  its 
anterior  side,  with  a  posterior  prolongation  from  the  last 
cephalic  endopleurite  (a.). 

The  epimera  of  the  first  and  second  thoracic  somites 
arc  fused  together,  and  the  endopleurite  of  this  arthro- 
phragm arises  from  the  ventral  edge  of  the  fused  epimera 
immediately  in  front  of  the  origin  of  the  second  thoracic 
endopleurite.  It  is  rod-like,  and  passes  forwards  and 
inwards  in  precisely  the  same  plane  as  the  first  thoracic 
endosternite,  with  which  it  fuses.  Near  its  fusion  with 
the  latter,  the  endopleurite  gives  rise  to  a  posterior 
process  which  fuses  with  the  second  thoracic  endosternite. 

Last  cephalic  arthrophragm  (Text  fig.  7,  B,).  The 
endosternites  of  the  two  post-oral  cephalic  arthrophragms 
are  fused  together,  but  there  is  a  distinct  longitudinal 
suture  present,  which  assists  in  the  identification  of  the 
two  parts.*  The  fused  endosternites  pass  outwards  and 
backwards  parallel  to  the  first  thoracic  endosternite. 
After  a  short  distance  the  last  cephalic  endosternite 
becomes  distinct  from  the  anterior  endosternite,  and  at 
the  point  of  separation  a  prolongation  from  the  first 
cephalic  endopleurite  fuses  with  the  endosternites  (y.). 
From  this  point  the  posterior  endosternite  passes  outwards 
and  fuses  with  the  lower  border  of  the  last  cephalic 
endopleurite. 

The     last     cephalic     endopleurite     is     an     irregular 


'•'  There  is  also  a  well-marked  groove  separating  the  sternum  of 
these  two  cephalic  somites. 
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membranous  plate  divided  into  a  dorsal  and  a  ventral 
portion.  The  dorsal  portion  has  on  its  inner  side  a  down- 
wardly projecting  process  which  fuses  with  the  upper 
part  of  the  second  thoi'acic  endosternite  (jr.)  as  described 
above.  The  ventral  portion  of  the  endopleurite  has  an 
upper  crescent-shaped  region  and  a  lower  part  which 
fuses  with  the  endosternite. 

From  the  posterior  side  of  the  lower  portion  of  the 
endopleurite  is  given  off  a  rod-like  process  which  fuses 
with  the  first  thoracic  endosternite. 

First  post-oral  cephalic  arthrophragm  (Text  fig. 
7,-4.).  In  addition  to  the  portion  fused  with  the  last 
cephalic  endosternite,  the  endosternite  of  the  above 
arthrophragm  has  an  anterior  process  at  each  side  which 
form  the  skeleton  of  the  metastoma  (PI.  Ill,  fig.  18,  met.) 
or  posterior  lip  of  the  mouth. 

The  endopleurite  arises  from  the  soft  membranous 
epimeron  immediately  behind  the  insertion  of  the  external 
abductor  muscle  of  the  mandible.  It  passes  backwards 
and  gives  rise  to  a  small  upwardly  directed  process,  and 
afterwards  becomes  joined  to  the  fused  endosternites. 

Integument  (Text  fig.  8). 

The  crab  is  covered  bv  a  continuous  chitinous 
exoskeleton,  which  serves  partly  as  a  protective  covering 
and  also  as  a  means  of  attachment  for  the  muscles.  The 
main  portion  of  this  exoskeleton  is  strongly  calcified. 
Between  the  movable  somites  of  the  abdomen,  however, 
and  also  between  the  articulating  segments  of  the 
appendages,  the  exoskeleton  remains  uncalcified  in  order 
to  allow  of  free  movement,  and  has  the  appearance  of  a 
thin  chitinous  membrane,  known  as  the  **  arthrodial 
membrane." 

The  exoskeleton  of  the  ventral  region  of  the  abdomen 
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is  but  feebly  calcified.  The  outer  walls,  the  floor  and 
roof  of  the  branchial  chamber  and  the  roof  of  the  pre- 
branchial  chamber  are  also  extremely  thin  and 
membranous.  The  chitinous  linings  of  the  fore-gut  and 
hind-gut,  which  are  continuous  with  the  exoskeleton,  are 
uncalcified,  except  in  those  regions  of  the  fore-gut  where 
the  ossicles  are  present.  The  gills,  also,  are  covered  by 
an  extremely  fine  chitinous  layer. 

The  integument  of  the  crab  consists  of  an  epidermis, 
below  which  lies  the  dermis.  On  the  outer  side  of  the 
epidermis  is  a  chitinous  layer,  the  thickness  of  which 
differs  considerably  in  various  parts  of  the  body.  This 
outer  chitinous  layer  is  a  product  of  the  epidermis,  and 
constitutes  the  exoskeleton  already  referred  to.  The 
chitinous  layer  may  be  impregnated  with  calcareous 
salts. 

The  epidermis  [Chitogenous  epithelium,  Vitzou*J 
(Text  fig.  8,  e.)  consists  of  a  single  row  of  columnar  cells 
resting  upon  u  basement  membrane  (/.).  These  cells  differ 
in  their  appearance  in  various  parts  of  the  body,  and  also 
show  marked  changes  during  the  interval  between  one  act 
of  ecdysis  and  the  next.  In  the  dorsal  integument  of  the 
hard  crab,  for  example,  the  cells  of  the  epidermis  are 
only  moderately  columnar,  but  in  the  oesophagus  of  the 
same  animal  the  cells  are  extremely  elongated.  In  the 
soft  crabs  the  cells  are  of  much  greater  length  compara- 
tivelv  than  in  the  hard  crabs. 

In  some  regions  where  we  have  two  parts  of  the 
integument  coming  close  together,  such  as  at  the  edge  of 
the  carapace  and  also  the  gill  lamellae,  the  cells  of  the 
epidermis  sometimes  become  extremely  elongated  and 
pass  across  the  dermis  to  fuse  with  similar  cells  from  the 

'••  Vitzou,  A.  N.  "Recherches  sur  la  structure  et  la  formation  des 
teguments  chez  les  Crustacea  D^capodet."  Arch,  de  Zoologie  expir.  et 
gin.,T,X.  [1882] ,  p.  461. 
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epidermis  of  the  opposite  side.     Vitzou  has  termed  such 
cells  "  colonnades  de  aoutien." 

The  cells  of  the  epidermis  are  also  elongated  at  the 
point  where  the  muscle  fibres  arise. 


!.  =  outiole. 

'.  =  pionientcd  layer. 

:.  ■  oaJoified  iaj-er. 

'    s  Dni-caloiGed  Inyir. 


throiigli  the  integunient  of  a  hud  cnb. 


/.  =  bHsement  membrajie. 
jr.  =  dermiB. 

k,  =  duct  of  the  cutaneous  gland. 

k.  ^  rauBcIc  attached  to  the  baflC' 

inent  membTaDe. 


The  dermis  (9.)  lies  below  the  basement  membrane, 
and  varie"  in  thickness.  It  consists  mainly  of  a  network 
of  connective  tissue  fibres  and  scattered  cells.  There  is 
a  layer  of  pigment  cells  close  to  the  basement  membrane. 
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As  pointed  out  by  Cuenot,*  there  are  two  kinds  of  cells 
present  in  the  connective  tissue  which  contain  reserve 
material.  These  are  the  *'  cellules  de  Leydig  "  and  the 
*'  cellules  proteiques."  The  former  contain  glycogen,  and 
are  present  in  great  numbers,  especially  when  the  period 
of  ecdysis  approaches.  The  latter  are  also  present  in 
great  abundance,  and  contain  proteid  material. 

The  cutaneous  glands  are  also  embedded  in  the 
dermis.  The  muscle  fibres  stretch  across  the  dermis,  and 
are  attached  to  the  inner  side  of  the  basement  membrane. 
The  muscles  when  dissected  appear  to  be  attached  to  the 
exoskeleton,  but  an  examination  of  sections  reveals  the 
fact  that  thev  do  not  extend  farther  than  the  basement 
membrane. 

The  ohitinous  layer  of  the  integument  is  situated 
on  the  outer  side  of  the  epidermis,  and  consists  of  several 
layers.  Commencing  from  the  outside,  these  are  as 
follows:  -- 

(1)  The  cuticle  (Text  fig.  8,  a.)  is  an  extremely  thin 
structureless  layer  covering  the  whole  of  the  chitinous 
exoskeleton.  Its  continuity  is  interrupted  at  intervals 
where  the  ducts  of  the  cutaneous  glands  open  to  the 
exterior.  From  the  cuticle  there  arise  numerous  small 
papiUae,  which  are  only  seen  when  examined  under  the 
microscope.  These  must  not  be  confused  with  the  setae, 
which  are  visible  to  the  naked  eye  and  which  have  an 
entirely  different  structure  (see  below). 

(2)  The  ingniented  layer  (6.)  is  a  moderately-thick 
layer  containing  pigment.  In  the  hard  parts  of  the 
exoskeleton  this  laver  is  calcified.  It  has  a  laminated 
structure,  and  the  numerous  layers  of  which  this  portion 
of  the  exoskeleton  is  composed  are  parallel  to  the  surface. 

(3)  The  calcified  layer  {c)  is  the  broadest  layer  of  all 

""'^  Cuenot,  L.     •'  fitudeft  physiologiques  sur  les  Crustac^K  D^ca- 
podes."     Archives  de  Diologie,  T.  XIII,  p.  246. 
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in  the  fully-formed  exoskeleton.  It  is  colourless  and 
richly  impregnated  with  calcareous  salts.  Like  the 
previous  layer,  it  exhibits  striations  parallel  to  the 
surface,  but  the  laminae  are  generally  broader  than  in  the 
pigmented  layer.  It  is  to  this  layer  that  the  great  thick- 
ness and  hardness  of  the  shell  in  a  hard  crab  are  due,  as 
new  laminae  are  constantly  being  added  to  this  region 
until  the  exoskeleton  attains  its  maximum  thickness. 

(4)  The  non-calcified  layer  (d.)  is  a  very  thin  layer 
composed  of  delicate  laminae  parallel  to  the  surface.  This 
layer  remains  in  a  very  soft  condition,  and  is  not  formed 
until  the  calcified  layer  has  attained  its  maximum  width. 

Vertical  sections  through  the  integument  reveal  the 
fact  that  there  are  striations  in  the  chitin  at  right  angles 
to  the  surface,  as  well  as  the  horizontal  lamellae  alreadv 
referred  to.  Also,  as  Vitzou  has  pointed  out,  in  horizontal 
sections  the  chitinous  integument  is  divided  up  into  small 
hexagonal  areas,  and  in  each  of  these  areas  small  pores  are 
present.  Vitzou  determined  that  these  areas  were  of  the 
same  size  and  shape  as  the  horizontal  sections  through 
the  cells  of  the  epidermis.  He  concluded,  therefore, 
that  the  exoskeleton  is  composed  of  innumerable  hexagonal 
prisms  packed  side  by  side,  having  their  long  axes  at 
right  angles  to  the  surface  of  the  body.  Furthermore, 
each  of  these  chitinous  prisms  is  in  contact  with  the 
outer  end  of  an  epidermal  cell.  So  that  for  every  cell  of 
the  epidermis  there  is  a  corresponding  prism  forming  a 
unit  of  the  chitinous  exoskeleton.  Such  an  explanation 
accounts  for  the  presence  of  the  vertical  striations  in 
vertical  sections,  and  for  the  polygonal  areas  in  the 
horizontal  sections.  The  small  pores  in  the  middle  of 
these  areas  are  due  to  the  presence  of  numerous  fine 
canals  traversing  each  prism  from  the  epidermis  to  the 
exterior. 
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Mode    of    Formation    of    the    Exo  skeleton. 

Originally  the  exoskeleton  was  believed  to  be  pro- 
duced by  a  secretion  from  the  cells  of  the  epidermis. 
Vitzou,  however,  claimed  that  the  process  is  efPected  in  a 
different  manner.  According  to  him  the  new  shell  is 
produced  in  the  following  way.  The  contents  of  each 
epidermal  cell  becomes  moditied  at  the  outer  margin. 
This  outer  part  becomes  cut  oil'  from  the  rest  of  the  cell. 
Thus  at  this  stage  the  epidermis  is  covered  by  a  thin  layer, 
which,  however  is  not  one  homogeneous  whole,  but  is 
divided  up  into  numerous  polygonal  areas,  each  area 
corresponding  in  shape  and  position  to  an  epidermal  cell. 
The  process  is  repeated ;  the  outer  part  of  each  cell  is 
again  cut  off,  and  at  this  stage  we  have  a  two-layered 
polygonal  cylinder  above  each  cell.  This  process  is 
repeated  until  we  have  built  up  over  each  cell  a  multi- 
layered  cylinder.  Since  the  cells  of  the  epidermis  lie 
close  together,  the  chitinous  cylinders  are  also  tightly 
packed  and  form  what  appears  to  be  a  continuous 
exoskeleton.  The  striations  parallel  to  the  surface  of  the 
integument  represent  the  successive  lines  of  growth. 
Thus,  according  to  Vitzou,  the  process  of  formation  of  the 
chitinous  integument  consists  in  the  successive  thickening 
of  the  outer  walls  of  the  epidermal  cells. 

Setae. 

These  are  long  hair-like  processes  which  project  from 
the  exoskeleton  in  various  regions  of  the  body.  In 
sections  each  seta  is  seen  to  arise  from  the  region  of  the 
epidermis  as  a  narrow  tube  enclosing  a  cavity.  This  tube 
passes  through  the  chitinous  layers  and  projects  from  the 
exterior  as  a  long  narrow  process.  Its  walls  are  cuticular 
and   are   continuous   with   the   thin   structureless  cuticle 
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covering  the  chitinous  integument.  So  that  wherever  a 
seta  arises  the  continuity  of  the  thick  exoskeleton  is 
broken  in  order  to  allow  this  tube-like  prolongation  to 
reach  the  exterior.  The  contents  of  the  setae  are  proto- 
plasmic and  are  connected  with  the  epidermis.  In  some 
regions  of  the  body  the  setae  have  nerve  fibres  passing  to 
their  interior.  These  are  the  sensory  setae,  of  which  there 
are  several  kinds  (see  section  on  Sense  Organs).  The  setae 
may  be  simple  prolongations,  or  they  may  consist  of  a 
central  axis,  from  which  arise  off-shoots.  In  the  latter 
case  the  cavity  of  the  central  axis  is  not  continued  into 
the  lateral  out-growths.  In  addition  to  the  setae 
described  above,  there  are  small  papillae  on  the  surface 
of  the  shell,  which  are  merely  thickenings  of  the  cuticle 
and  do  not  contain  a  cavity.  Vitzou  states  that  in 
Portunus  these  cuticular  processes  are  comparatively 
long.  In  Cancer,  however,  they  are  extremely  small,  and 
can  only  be  detected  under  the  microscope.  Vitzou 
affirms  that  the  long  "  setae,''  present  in  the  walls  of  the 
fore-gut,  have  no  central  cavity,  and  are  probably  merely 
extremely  large  cuticular  prolongations  and  not  true  setae. 
These  **  setae  "  in  the  fore-gut  act  as  strainers.  Where 
the  sub-branchial  region  of  the  carapace  is  closely  applied 
to  the  bases  of  the  thoracic  legs  there  is  a  rich  growth  of 
setae.  These  probably  assist  in  preventing  the  water 
from  entering  the  branchial  chamber  at  the  base  of  the 
thoracic  legs. 

The  inhalent  branchial  opening  is  also  well  guarded 
by  long  setae,  both  on  the  flabellum  of  the  third  maxilli- 
pede  and  on  the  anterior  border  of  the  coxopodite  of  the 
chela.  The  setae  on  the  endojjodites  of  the  pleopods  in 
the  female  are  used  for  the  attachment  of  the  eggs. 
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Cutaneous    (or     tegument  ary)    glands. 

Scattered  throughout  the  connective  tissue,  near  the 
basement  membrane,  are  globular  masses  of  cells,  each 
cellular  clump  being  connected  with  the  exterior  by  a  fine 
duct.  These  are  the  cutaneous  glands.  Each  cell  of  the 
globular  mass  is  in  contact  with  a  small  cavity  on  its 
inner  side.  This  central  cavity  of  the  glandular  mass 
receives  the  secretion  from  the  various  cells.  The  cavity  is 
connected  with  the  duct,  and  thus  the  glandular  secretion 
is  enabled  to  pass  to  the  exterior.  The  duct  is  lined  by 
a  fine  protoplasmic  wall.  The  wall  of  the  duct  probably 
represents  a  single  cell,  in  which  case  the  cavity  of  the 
duct  is  intracellular.  The  gland  cells  and  the  duct  cell 
are  all  modified  epidermal  cells. 

The  cutaneous  glands  are  scattered  throughout  the 
integument,  and  in  some  regions  are  extraordinarily 
abundant.  The  glands  present  in  the  mandibles  and  in 
the  walls  of  the  oesophagus,  and  also  those  in  the  hind- 
gut,  have  a  similar  structure  to  the  ordinary  glands  on  the 
surface  of  the  bodv.  Thev  are,  in  fact,  modified  cutaneous 
tegumentary  glands. 

Immediately  in  front  of  the  mouth  there  is  a  compact 
mass  of  cutaneous  glands  at  each  side,  which  open  on  the 
surface  of  the  epistoma.  These  glands  have  the  structure 
of  the  typical  cutaneous  glands,  but  are  extremely  large. 
They  are  about  four  times  as  large  as  those  present  in  the 
walls  of  the  oesophagus  (see  section  on  Alimentary 
(iinal).  Similar  glands  are  found  also  in  the  metastoma, 
packed  very  closely  together.  Herrick*  has  also  observed 
them  in  the    same  regions  in  the  lobster.     (See  fig.  (iO.) 

In  the  floor  of  the  branchial  chamber  there  is  a  well- 
defined  transverse   ridge  lying  in  front  of  the  inhalent 

•Herrick.     "The  American  Lobster."     Dull.    U.S.  Fish  Com., 
Vol.  XV.,  1895. 
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branchial  aperture.  The  epidermis  in  this  region 
presents  a  very  interesting  condition,  and  there  appear  to 
be  numerous  modified  cutaneous  glands. 

There  are  also  great  numbers  of  cutaneous  glands 
present  on  the  endopodites  of  all  the  maxillipedes. 

On  the  endopodites  of  the  pleopods  of  the  female  there 
are  closely-packed  tegumentary  glands.  According  to 
Herrick,  these  secrete  the  cement  which  attaches  the  eggs 
to  the  endopodites  of  the  abdominal  appendages. 

The  function  of  the  various  tegumentary  glands  in 
yaj*ious  parts  of  the  body  is  not  clearly  known.  Lang* 
states  that  some  have  an  excretory  function.  There  is 
little  doubt  that  the  functions  of  these  glands  differ  in 
various  regions  of  the  body.  Those,  for  example,  on  the 
pleopods  are  extremely  specialised.  It  is  not  incon- 
ceivable that  the  glands  in  the  integument  of  the 
epistoma  and  metastoma  may  produce  a  secretion  which 
is  poured  on  the  food  as  it  enters  the  mouth. 

The  glands  in  the  walls  of  the  oesophagus  are 
probably  salivary  glands.  Herrick  thinks  that  this 
explanation  of  their  function  no  longer  holds  good,  since 
glands  of  similar  structure  have  been  .found  in  the  walls 
of  the  hind-gut.  This  argument,  however,  does  not  carry 
much  weight,  if  we  recognise  that  all  the  tegumentary 
glands  (both  on  the  surface  and  in  the  walls  of  the 
alimentary  canal)  have  the  same  essential  structure,  and 
yet  are  capable  of  performing  different  functions  in 
various  regions  of  the  body. 

ECDYSIS. 

The  epidermis  of  all  Arthropods  is  covered  by  a 
continuous  layer  of  chitinous  integument,  which  may 
become  calcified  in  certain  regions.       This  outer  integu- 

*  Lang.     Text-book  of  Comparative  Anatomy,  Part  I. 
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ment  is  continuous  with  the  chitinous  lining  of  the  fore- 
gut  and  hind-gut.  The  body,  therefore,  may  be  said  to 
be  enclosed  in  an  inflexible  coat,  which  prevents  the 
tissues  from  expanding.  The  growth  of  the  animal  cannot 
be  gradual,  but  can  only  take  place  when  the  animal 
breaks  through  the  stiff  outer  covering.  Immediately 
after  exuviation,  the  animal,  which  is  then  only  covered 
by  an  extremely  thin  flexible  membrane,  will  increase  in 
size.  This  process  of  casting,  or  ecdysis,  is  characteristic 
of  all  Arthropods.  Ecdysis  takes  place  periodically,  and 
growth  can  only  take  place  while  the  animal  is  in  a 
**  soft  ''  condition. 

In  Cancer,  when  ecdysis  is  about  to  take  place,  the 
carapace  opens  along  the  pleural  groove  at  each  side. 
These  two  longitudinal  splits  become  connected  posteriorly 
with  a  transverse  opening,  which  makes  its  appearance 
between  the  posterior  border  of  the  carapace  and  the 
tergum  of  the  first  abdominal  somite.  Thus  the  tergal 
region  of  the  carapace  is  free  from  the  remainder  of  the 
exoskeleton,  except  along  a  line  marking  the  posterior 
boundary  of  the  first  cephalic  sternum.  The  carapace, 
therefore,  acts  like  a  lid  of  a  box,  and  is  hinged  anteriorly. 
The  first  part  of  the  body  to  be  withdrawn  from  the  old 
shell  is  the  abdomen,  wliich  is  followed  by  the  various 
legs.  When  all  the  parts  are  completely  free  the  crab 
emerges  from  beneath  the  hinged  carapace. 

On  the  dorsal  sides  of  the  basi-ischium  and  meros  of 
the  chehi  there  are  faint  grooves  (PI.  II,  fig.  12,  abs.). 
These  are  the  **  lines  of  absorption,"  and  at  the  time  of 
ecdysis  the  exoskeleton  of  the  chela  loses  its  calcification 
at  these  points.  In  this  way  the  withdrawal  of  the  large 
claw  is  effected,  as  it  would  be  extremely  difficult  for  the 
chela  to  be  withdrawn  if  the  integument  at  the  base  of  the 
limb  remained  hard. 
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As  pointed  out  by  Vitzou,*  the  method  of  ecdysis  in 
the  Macrura  differs  from  that  found  in  the  Brachyura, 
because  in  the  latter  the  abdomen  is  withdrawn  first.  In 
the  Macrura  the  thorax  is  first  withdrawn,  and  the 
abdomen  leaves  the  old  shell  last. 

The  tissues  of  the  animal  become  greatly  changed 
immediately  before  ecdysis.  The  blood  increases 
enormously  in  volume,  and  Wittent  suggested  that  the 
increase  is  due  to  the  absorption  of  water  by  means  of  the 
digestive  gland.  He  presumed  that  this  excess  of  blood 
plasma  produced  the  internal  pressure  necessary  for 
ecdysis  and  growth.  The  muscles  become  very  soft  and 
semi-tiuid,  and  the  fibres  lose  their  well-defined  outlines 
and  cross-striations. 

The  digestive  gland  probably  increases  in  size  during 
ecdysis.  The  fat  cells  are  stocked  with  glycogen,  the 
ferment  cells  are  much  bigger,  and  the  colour  of  the 
ferment  vesicle  is  of  a  deep  brown  colour,  thus  giving 
the  digestive  gland  a  deeper  colour  at  this  period. 
The  reproductive  organs  are  generally  in  an  immature 
condition  at  the  time  of  ecdvsis. 

Immediately  before  and  after  ecdysis  the  crabs  are 
unfit  for  food.  They  are  **  watery  ''  and  have  a  bitter 
taste.  Reference  is  made  in  the  Economic  section  to  the 
"  Granny  ''  crabs,  which  are  considered  by  the  fishermen 
to  be  diseased  crabs.  I  have  reason  to  believe  that  they 
are  merely  crabs  preparing  for  ecdysis. 

One  of  the  most  interesting  changes  which  accom- 
pany ecdysis  is  probably  the  formation  of  the  new  integu- 
ment, as  a  result  of  the  extreme  activity  of  the 
epidermal  cells.  This  new  exoskeleton  is  already  formed 
when  the  hard  shell  is  discarded. 

•  Vitzou.     Arch.  zool.  exp.  et  ghi.,  T.  X,  1882. 

t  Report  on  the  Scientific  Investigations,  Northumberland  Sea- 
Fisheries  Coniinitteej  1903. 
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Before  ecdysis  the  cells  of  the  epidermis  become 
greatly  elongated,  and  in  the  underlying  dermis  the  cells 
of  Ley  dig,  which  are  rich  in  glycogen,  become  extremely 
numerous.  The  supply  of  reserve  food  material  in  these 
cells  is  evidently  of  the  utmost  importance  at  a  time  when 
growth  and  regeneration  of  the  tissues  is  taking  place. 
At  the  time  when  the  crab  is  preparing  to  cast,  a  new 
chitinous  layer  is  formed  by  the  epidermis.  This  new 
layer  is  separated  from  the  old  shell  by  a  gelatinous 
fluid.  The  chitinous  layer,  which  is  the  first  appearance 
of  the  new  exoskeleton,  consists  of  two  parts — an  outer 
structureless  cuticular  layer,  and  an  inner  chitinous  layer 
containing  pigment.  This  inner  layer  represents  the 
pigmented  layer.  The  calcified  and  non-calcified  layers 
are  not  produced  until  after  ecdysis.  The  calcified  layer 
grows  throughout  the  greater  part  of  the  period  until  the 
next  ecdysis,  and  it  is  to  this  layer  that  the  hardness  and 
increasing  thickness  of  the  shell  is  due. 

Yitzou's  theory  explaining  the  method  of  formation 
of  the  exoskeleton  has  been  described  above  (see  section 
on  Integument). 

The  frequency  of  casting  and  other  problems 
connected  with  ecdvsis  are  discussed  below  in  the  section 
on  Economics. 

AUTOTOMY    AND   ReGENEKATION    OF   LiMBS. 

One  of  the  most  interesting  and  characteristic 
features  in  the  natural  history  of  the  crab  is  the  power 
tlie  animal  possesses  of  throwing  oflf  injured  limbs 
(autotomy)  and  of  forming  new  limbs  to  replace  the  old 
(regeneration). 

The  processes  associated  with  these  phenomena  may 
bo  briefly  stated  as  follows:- 

If   the  distal   portion   of   one  of   the   pereiopods  be 
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seriously  injured,  the  crab  immediately  throws  oflf  part  of 
the  limb.  The  whole  limb  is  not  sacrificed.  The  self- 
amputation  always  takes  place  along  the  thin  groove 
present  on  the  basi-ischium  representing  the  line  of 
separation  between  the  basipodite  and  ischiopodite.  This 
groove,  therefore,  may  be  said  to  surround  the  fraotare 
plane  (PL  II,  fig.  12,  f,p.). 

When  autotomy  has  been  effected,  the  fracture  plane 
is  seen  to  be  covered  by  a  thin  membrane,  or  diaphragm, 
which  is  perforated,  slightly  below  the  centre,  by  a  small 
foramen.  The  blood  flows  out  through  this  small  opening, 
but  soon  coagulates,  forming  a  clot  over  the  mouth  of  the 
foramen  and  also  on  the  outer  surface  of  the  diaphragm. 

The  diaphragm  with  its  outer  coating  of  coagulated 
blood  assumes  a  dark  brown  colour  in  a  few  davs,  and 
ultimately  becomes  quite  black.  This  black  coating  is 
worn  away  in  course  of  time,  and  reveals  a  thin  membrane 
extending  across  the  stump. 

Beneath  the  membrane  a  small  papilla  makes 
its  appearance,  and  marks  the  commencement  of  the 
regeneration  of  the  limb.* 

Conditions    necessary    for    Autotomy. 

The  successful  performance  of  self -amputation  in 
Cancer  depends  upon  several  conditions,  of  which  the  most 
important  are  discussed  below. 

1.     The  crab  must  be  healthy. 

This  is  a  most  important  factor.  Animals  which  are 
in  a  diseased  or  weak  condition,  or  which  have  been  kept 
out  of  water  for  a  considerable  time,  and  in  which,  as  a 

♦  According  to  Williamson,  the  regeneration  only  takes  place 
when  the  crab  is  preparing  for  ecdysis.  The  limb  does  not  attain 
its  full  size  at  the  first  moult  after  regeneration.  Two  or  three 
moulting  processes  must  take  place  before  the  limb  attains  its  normal 
size. 
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consequence,    the    nerve    responses    are    feeble,    do    not 
perform  autotomy  very  readily. 

2.  The  nerve  of  the  limb  must  he  sufficiently  stimulated. 
This  appears  to  be  a  self-evident  proposition.  What- 
ever may  be  the  cause  of  autotomy,  and  whatever  may  be 
the  reason  of  this  complex  phenomenon,  it  is  without 
doubt  the  result  of  nervous  stimulation.  But  the  question 
as  to  what  is  a  *'  sufficient  "  stimulation  cannot  be  disposed 
of  so  easily  (see  below  under  the  general  discussion  on 
Autotomy). 

3.  The  thoracic  nerve  mass  must  remain  iiitact 

We  are  indebted  to  Fredericq*  for  his  investigations 
on  the  physiological  processes  involved  in  autotomy.  He 
has  proved  that  the  latter  is  the  result  of  a  reflex,  and  that 
the  thoracic  ganglion  belonging  to  the  appendage  is  the 
centre  of  this  reflex.  The  brain  is  the  seat  of  voluntary 
and  co-ordinated  movement  in  Cancer,  and  if  the  brain  be 
removed  autotomy  will  still  take  place.  If,  on  the  other 
hand,  the  thoracic  nerve  mass  be  removed  or  destroyed, 
selframputation  cannot  proceed.  The  afferent  nerve 
fibres  which  are  stimulated  as  the  result  of  injury  to  the 
limb  are  connected  with  the  ganglion  cells  of  the  thoracic 
nerve  mass,  and  from  these  the  efferent  fibres  pass  to  the 
extensor  muscle  of  the  basi-ischium.  This  muscle  is  the 
one  concferned  in  the  autotomy,  and  thus  we  are  provided 
with  a  fourth  condition. 

4.  The  integrity  of  the  extensor  muscle  of  the  basi-ischium 

must  hf.  maintained. 

The  first  movement  after  the  limb  has  been  injured 
is  the  extension  of  the  basi-ischium;  i.e.,  it  moves  in  a 
dorsal    direction.       This   movement   continues   until   the 


*  Fredericq,  L.     "  Nouvelles  recherches  sur  Tautotomie  chez  le 
crabe."     Archives  de  Biologie,  T.  XII,  1892. 
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distal  portion  of  the  limb  comes  into  contact  with  the 
carapace  or  with  some  other  fixed  object,  when  the  limb 
breaks  at  the  fracture  plane.  That  this  upward  move- 
ment, or  extension,  of  the  basi-ischium  is  necessary  for 
autotomy  may  be  proved  by  cutting  the  extensor  muscle 
(or  muscles),  and  then  injuring  the  limb.  No  self- 
amputation  will  then  take  place.  If  the  flexor  muscle 
be  cut,  and  the  extensor  remain  uninjured,  autotomy  will 
proceed. 

5.  The  distal  portion  of  the  limb  must  come  into  contact 

with  some  point  of  resistance. 

This  condition  has  been  emphasised  above.  As  soon 
as  that  part  of  the  limb  on  the  distal  side  of  the  fracture 
plane  comes  into  contact  with  some  point  of  resistance 
(e.g.,  the  carapace)  the  upward  movement  of  this  portion 
is  stopped.  The  proximal  portion  of  the  basi-ischium, 
however,  still  continues  to  move  upwards  under  the 
influence  of  the  extensor  muscle.  Thus  there  are  two 
forces  acting  on  the  fused  basi-ischium — a  force  at  the 
proximal  end  tending  to  move  the  segment  upward,  and 
a  force  at  the  distal  extremity  preventing  this  upward 
movement.  A  great  strain  is  produced  on  the  basi- 
ischium  and  it  snaps  at  its  weakest  point,  which  is  the 
fracture  plane. 

6.  The  stimulation  to  produce   autotomy  must  be  applied 

beticeen  the  fracture  plane  and  the  distal  end  of  the 
propodite. 

The  nerve  does  not  pass  into  the  dactylopodite,  so 
that  if  the  latter  segment  be  wounded  the  nerve  will  not 
be  stimulated.  It  is  equally  futile  if  the  limb  be 
damaged  on  the  proximal  side  of  the  fracture  plane. 
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Amongst  the  Brachyiira  two  kinds  of  autotomy  liave 
been  recognised. 

fl)  If  the  crab  is  captured  by  means  of  one  of  its 
limbs  it  will  throw  off  the  limb  in  order  to  escape  from 
its  enemy  ("  evasive  autotomy  ''). 

It  is  evident  that  all  Decapods  do  not  act  similarly 
under  such  conditions.  It  does  not  appear  to  be  the  case 
in  Cancer  or  Carcinus.  Fredericq\s  researches  led  him 
to  believe  that  crabs  did  not  throw  off  legs  in  order  to 
escape  from  enemies,  but  his  experiments  were  confined 
to  a  few  species.  Taking  all  the  evidence  available,  it 
would  appear  that  autotomy  does  take  place  under  the 
above  conditions  in  some  crabs,  such  as  the  Maiidae  and 
the  Grapsidae. 

(J)  If  one  of  the  legs  of  a  crab  be  severely  wounded, 
Ihe  limb  will  be  thrown  oft'.  This  probably  occurs  without 
exception  in  the  Brachyura. 

It  is  well  to  remember  that  in  both  cases  we  are 
probably  dealing  with  essentially  similar  physiological 
conditions.  In  both  cases  the  autotomy  is  produced  as 
the  result  of  the  stimulation  of  the  nerve  of  the  leg,  and 
the  difference  appears  rather  to  be  one  of  degree  than  of 
kind.  In  both  the  above  cases  the  autotomy  is  produced 
as  the  result  of  a  reflex,  and  the  seat  of  this  reflex  is  in  the 
ganglion  of  the  somite  to  which  the  autotomised  leg 
belongs. 

Quite  recently,  Pieron*  has  concluded  that  there  is 
still  another  kind  of  autotomy  which  is  purely  voluntary, 
and  will  not  take  place  after  the  commissures  connecting 
the  cerebral  ganglia  with  the  thoracic  mass  have  been  cut. 
One  of  his  experiments  with  Grapsus  was  as  follows: — A 
leg   of  the  crab   was   tied   to   a  stake  within  view   of  a 

•  Pieron,  H.     C.R.  Soc.  Biol.,  11th  May,  1907.     Ibid.,  T.  LXHI 
(1907),  Nos.  33  and  34. 
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sheltered  crevice  in  the  rocks.  The  crab  discarded  the 
imprisoned  limb  as  a  conscious  effort  in  order  to  reach  the 
inviting  shelter.  This  did  not  happen  if  the  brain  were 
destroyed  or  if  the  commissures  were  cut  ('*  psychic 
autotomy  "). 

It  is  difficult  at  the  present  juncture  to  accept 
Pieron's  explanation,  as  Mile.  Drzewinat  has  also  per- 
formed similar  experiments  with  Grapsus,  and  has 
obtained  entirely  different  results.  But  so  far  as  Cancer 
is  concerned,  the  **  psychic  autotomy  '*  does  not  appear  to 
be  present. 

It  is  not  possible  in  the  present  state  of  our 
knowledge  to  arrive  at  a  definite  conclusion  with  regard 
to  the  full  significance  of  the  processes  involved  in 
autotomy.  But  whatever  may  have  been  the  lines  along 
which  autotomy  has  been  evolved,  there  is  no  doubt  that 
one  of  its  most  important  objects  is  the  prevention  of 
bleeding.  If  the  arthrodial  membrane  between  an 
appendage  and  tJie  body  be  cut,  the  crab  will  probably 
bleed  to  death,  and  this  appears  to  be  one  of  the  greatest 
dangers  with  which  the  animal  has  to  contend.  The 
limbs,  on  account  of  their  position  and  size,  are 
continually  in  danger  of  being  torn  or  crushed.  If  the 
limb  were  seriously  injured,  and  autotomy  did  not  take 
place,  the  crab  would  bleed  to  death,  because  the  wounded 
surface  would  probably  be  too  large  to  allow  coagulation 
to  take  place.  This  difficulty  is  surmounted  by  the  limb 
being  thrown  off  at  the  fracture  plane,  across  which,  as 
we  have  already  seen,  a  membrane  is  stretched.  This 
membrane  is  perforated  by  a  small  foramen  through 
which  pass  the  nerve  and  blood  streams  connecting  the 
proximal  and  distal  parts  of  the  appendage.  Over  this 
foramen  a  clot  may  readily  be  formed,  and  thus  the 
excessive  bleeding  may  be  prevented. 

t  Drzewina,  A.    C.R.  Soc.  Biol,  T.  LXIII  (1907),  Nos.  33  and  34. 
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Histology.    (Text  fig.  9). 

Before  autotomy.  A  longitudinal  section  through 
the  basi-ischium  of  a  pereiopod  in  which  autotomy  has 
not  been  etfected  displays  the  following  structure  (9^.). 

In  the  region  of  the  fracture  plane  the  exoskeleton 
is  discontinuous,  the  plane  of  the  discontinuity  being  at 
right  angles  to  the  longitudinal  axis  of  the  basi-ischium. 
The  break  is  not  always  easily  detected,  as  the  two  parts 
fit  very  closely  together. 

On  the  inner  side  of  the  exoskeleton  is  the  normal 
layer  of  epidermis  (ep.).  At  the  plane  of  breaking  the 
epidermis  turns  inward  both  at  the  distal  extremity  of  the 
basipoditic  region  and  also  at  the  proximal  end  of  the 
ischiopodite.  These  ingrowths  extend  as  far  as  the 
central  nerve  and  blood  vessels,  where  the  epidermal 
ingrowth  of  the  basipodite  (i.)  becomes  continuous  with 
that  of  the  ischiopodite  (o.).  In  other  words,  across  the 
plane  of  fracture  the  epidermis  underlying  the  exo- 
skeleton is  not  directly  continuous,  but  becomes  turned 
inward  as  far  as  the  central  neiTe  of  the  leg. 

Thus  there  is  a  double  diaphragm  stretching  across 
the  leg  in  the  fracture  plane,  and  near  the  centre  of  this 
double  membrane  there  is  a  small  opening  which  permits 
of  the  passage  of  the  nerve  (n,)  and  blood  vessels  from 
one  side  to  the  other.  The  walls  of  this  narrow  opening 
are  composed  of  a  cellular  membrane,  which  connects 
the  proximal  and  the  distal  diaphragms. 

After  autotomy.  The  ischial  portion  of  the  exo- 
skeleton is  broken  away  at  the  fracture  plane,  and  the 
underlying  structures  belonging  to  the  ischium  have  also 
been  torn  away.  These  include  the  epidermis  of  the 
ischium  and  also  the  distal  portion  of  the  diaphragm. 
Stretching    across   the   broken   end   of   the   stump   (Text 


260 

fig.  9,  B.)  is  a  membrane  representing  the  proximal 
portion  of  the  double  diaphragm  (i.).  Near  the  centre 
of  this  is  a  small  foramen.  In  sections  taken  immediately 
after  autotomy  there  is  a  layer  of  coagulated  blood  (h.) 
on  the  outer  side  of  the  diaphragm. 

The  torn  edge  of  the  diaphragm  in  contact  with  the 
foramen  appears  to  grow  over  the  latter.  Thus,  shortly 
after  the  autotomy  has  been  effected,  there  is  a  continuous 
membrane  or  diaphragm  covering  the  broken  stump 
(9  C).  This  membrane  is  composed  of  a  single  layer  of 
epidermal  cells,  which  is  continuous  with  the  epidermis 
underlying  the  exoskeleton  of  the  basipodite.  On  the 
outer  side  of  the  membrane  is  a  layer  of  coagulated  blood. 
On  the  inner  side  of  the  ectoderm  of  this  membrane,  and 
lying  close  to  it,  there  appears  to  be  a  continuous  layer  of 
connective  tissue  fibres.  Miss  Reed*  describes  also  the 
presence  of  a  dense  mass  of  blood  cells  immediately 
beneath  the  membrane. 

Regenepative  ppooess.  Shortly  after  autotomy  has 
taken  place  the  cells  of  the  diaphragm  begin  to  degenerate 
(Text  fig.  9,  D.),  Ultimately  there  is  on  the  outside  of  the 
stump  a  layer  of  dead  tissue,  formed  of  an  outer  layer  of 
coagulated  blood,  beneath  which  is  the  layer  of  degenerate 
epidermal  cells.  According  to  Miss  Reed,  there  is  also 
an  inner  layer  of  degenerate  blood  cells.  The  dead 
epidermal  cells  of  tlie  diaphragm  become  disconnected 
from  the  epidermis  underlying  the  exoskeleton  of  the 
limb,  and  this  epidermis  grows  inward  beneath  the  dead 
outer  layer.  This  takes  place  from  all  sides,  and  the 
in-growing  cells  meet  in  the  centre  and  form  a  single 

*  Unfortunately  I  did  not  have  access  to  Miss  Reed's  paper  on 
the  histological  processes  in  connection  with  autotomy  until  after  zny 
own  observations  had  been  made.  My  results,  in  the  main,  however, 
bear  out  the  conclusions  arrived  at  in  her  paper  {Bripi  Mawr  College 
Monographs^  Reprint  Series,  Vol.  V,  1905). 
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fracture  plane  beton  and  after  autotomy.     (In  kU  the  diagnunt 

Che  proiimal  end  of  the  limb  is  to  the  Int). 
.  =•  longitudinal  SMtion    throngh   bati-ijwhium    befora   kutotomy, 

■howing  the  doable  natore  of  the  diaphragm. 
I.  =  longitudinal  aeotion  throwb  the  baspodite  immodiately  after 

autotomir.     Showing  the  nngle  diaphngm  and  die  foramen. 
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layer  of  epjdermia  beneath. 
'.  =  Formation  of  a  tiiin   cuticle    (whicb   ia  oontinuoiu  with   tite 

eioskeleton)  by  the  new  epidermia. 
1.  =  cpidermin.  *.  =  nerve  of  the  appendage. 

c.  =  eioskeleton.  b.  =  coagulated  bloM. 

i.  =  oroiimal  put  of  diaphragm.        iL  =  degeiwrated    diaphragm 
I.  s  distal  part  of  diaphragm.  aod  blood  ti«aue. 

ckL  =  newoutioleformedbytite 
new  epidermia. 
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layer  of  cells  beneath  the  outer  dead  layer.  Eventually 
a  thin  layer  of  chitin-is  secreted  on  the  outer  side  of  these 
cells  (Text  fig.  9,  E.),  and  this  layer  of  chitin  is  continuous 
with  the  exoskeleton.  The  old  membrane,  which  is  now 
almost  black,  becomes  worn  off,  and  this  new  chitinous 
membrane  is  exposed. 

The  cells  in  the  new  layer  of  epidermis  become 
extremely  active,  and  increase  in  number  internally.  At 
first  an  undifferentiated  mass  of  cells  is  formed  beneath 
the  membrane,  but  gradually  differentiation  takes  place 
and  the  new  parts  of  the  limb  are  laid  down  in  miniature. 
As  they  increase  in  size  they  grow  outward,  and  form  a 
small  papilla  on  the  stump. 

MUSCULAR    SYSTEM. 
(Pis.  Ill,  IV). 

Muscles  of  the  Cephalothorax. 

I.  Eye.  The  ocular  peduncle  consists  of  two  parts 
— an  inner  rod-like  portion  extending  inwards  as  far  as  the 
middle  line,  and  an  outer  swollen  portion  at  the  free  end 
of  which  is  the  visual  organ.  The  outer  portion  articulates 
with  the  inn-er,  and  is  connected  with  the  latter  by  means 
of  a  flexible  membrane.  The  movement  of  the  outer 
portion  is  effected  by  two  small  muscles — a  ventral  flexor 
and  a  dorsal  extensor. 

II.  First  antenna.  The  muscles  are  extremelv 
small.  The  basal  segment  of  the  protopodite  has  a  dorsal 
extensor  and  a  ventral  flexor.  In  their  natural  condition 
the  second  and  third  segments  are  flexed.  In  both  cases 
the  extensor  is  on  the  inner  side  and  the  flexor  muscle  is 
on  the  outer  side. 
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III.  Second  antenna.  The  basal  region  of 
this  appendage  is  fused  with  the  carapace,  and  the  muscles 
have  degenerated.  The  operculum,  which  probably 
represents  the  coxopodite,  is  still  freely  movable,  but  its 
extensor  and  flexor  muscles  have  now  another  function  in 
connection  with  the  raising  and  closing  of  the  operculum. 
The  whole  question  of  the  homology  of  the  opercular 
muscles  has  been  fully  discussed  by  Marchal.*  The 
flagellum  has  not  much  movement,  and  its  muscles  are 
very  small. 

IV.  Ma  n  d  i  b  1  e  (fig.  81).  There  are  two  sets  of 
muscles — the  adductors  for  closing  the  mandibles  and  the 
abductors  for  opening  the  mandibles. 

External  adductor  muscle  (e.a.  md,).  Arises  as  a  broad 
band  from  the  anterior  and  outer  portion  of  the  sub- 
hepatic region  of  the  carapace.  It  passes  inwards  and 
upwards,  and  is  inserted  on  a  long  tendon  attached  to  the 
outer  part  of  the  mandibular  apophysis. 

Internal  adductor  muscle  (i,a,  md.).  Arises  from  the 
urogastric  region  of  the  carapace.  It  passes  downwards 
and  forwards  as  a  short  broad  muscle,  and  is  inserted  on 
an  extremely  long  narrow  tendon  attached  to  the  posterior 
margin  of  the  mandible. 

External  abductor  muscle  {e.h.  md.).  Arises  from  the 
posterior  and  inner  comer  of  the  hepatic  region  of  the 
carapace.  It  passes  directly  downwards,  and  is  inserted  on 
a  narrow  tendon  attached  to  the  posterior  side  of  the 
apophysis.     This  muscle  is  comparatively  small. 

Internal  abductor  muscle  (i.h.  md.).  Arises  from  the 
top  of  the  vertical  rod-like  portion  of  the  first  post-oral 
endopleurite.  It  passes  outwards  and  forwards,  and  is 
attached  to  the  outer  part  of  the  apophysis. 

*  Marchal.     **Appar«il   exor^tour   des   Crostao^   Dto^podes." 
Archives  Zool.  exp,  et  gin.  (Ser.  3),  T.  X,  1893. 
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V.  First  maxilla  (fig.  2()).  There  are  two 
extensors  and  two  flexors. 

Flexors.  One  outer  {o,e,m,)  and  one  inner  {Le.m) 
muscle,  which  run  together  and  arise  from  the  outer 
portion  of  the  protogastric  region  of  the  carapace.  They 
pass  directly  downwards  together,  and  when  near  the 
maxilla  the  two  separate  and  are  inserted  on  the  outer  and 
inner  parts  of  the  coxopodite  respectively. 

Extensors.  One  outer  (p/.vi.)  and  (me  inner  (Lf.m.) 
The  tops  of  the  two  pillar-like  portions  of  the  first  post- 
oral  endopleurites  are  joined  by  a  strand  of  tissue. 
Beneath  the  arch  thus  formed  the  two  muscles  arise  near 
the  middle  line.  They  pass  downwards  and  slightly 
inwards,  diverging  somewhat  as  they  approach  the 
appendage.  They  are  inserted  on  the  coxopodite  at  the 
same  point  as  the  corresponding  flexor  muscle. 

YI.  Second  maxilla.  There  are  two  extensors 
and  two  flexors. 

Extensors,  The  inner  extensor  arises  from  the 
posterior  face  of  the  first  post-oral  endopleurite.  It  is  a 
short  muscle  which  passes  dow^nwards  and  slightly 
outwards,  and  is  inserted  on  the  outer  side  of  the  coxo- 
podite. 

The  outer  extensor  is  a  long  narrow  muscle.  It 
arises  from  the  epimeron  of  this  somite  just  in  front  of  the 
last  cephalic  endopleurite.  It  passes  inwards  and  down- 
wards across  the  anterior  face  of  the  flexors  of  the 
scaphognathite,  and  is  inserted  close  to  the  small  inner 
extensor. 

The  two  flexors  are  small,  and  arise  close  together 
near  to  the  origin  of  the  outer  extensor.  They  pass 
directly  downwards,  and  are  inserted  near  together  on  the 
inner  side  of  the  coxopodite. 
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The  Sraphognathite  (tigs.  27,  28)  has  a  complex 
movement,  and  the  plane  of  motion  is  roughly  at  right 
angles  to  its  long  axis.  There  are  two  sets  of  muscles — 
extensors  which  pull  the  organ  dow^nwards,  and  flexors 
which  draw  it  up  again  to  its  natural  position.  In  the 
upward  movement  the  scaphognathite  does  not  remain  flat, 
as  when  in  a  position  of  rest,  but  it  becomes  curved  so  that 
the  upper  side  is  concave.  This  is  effected  by  a  set  of 
accessory  muscles.  The  latter  extend  into  the  leaf-like 
portion  of  the  scaphognathite,  and  do  not  stop  at  the  edge 
of  the  organ,  as  do  the  other  muscles. 

All  the  flexors  arise  from  the  anterior  face  of  the 
last  cephalic  endopleurite.  Their  names  have  been  given 
according  to  the  position  of  insertion  on  the  scapho- 
gnathite. The  flexors  are  inserted  on  the  anterior  wall 
of  the  base  of  the  scaphognathite. 

Inner  flejcor  (t.  e.  8.)  A  long  narrow  muscle 
arising  from  the  upper  part  of  the  endopleurite.  It 
passes  down  the  latter  and,  turning  slightly  inwards,  it  is 
inserted  on  the  innermost  part  of  the  base  of  the  scapho- 
gnathite. It  has  a  small  branch  which  arises  from  the 
side  of  the  epimeron. 

Outer  flexor  (o.  e. «.)  An  extremely  broad  muscle, 
which  arises  immediately  beneath  the  origin  of  the 
previous  muscle  and  also  on  its  inner  side.  It  passes 
down  the  endopleurite  parallel  to  the  epimeron,  and  is 
inserted  on  the  extreme  outer  edge  of  the  base  of  the 
scaphognathite. 

Outer  median  fUxor  (p.  vu  e.)  A  long  and  fairly 
broad  muscle,  arising  from  the  extreme  inner  border  of 
the  endopleurite  above  the  large  foramen  of  the  latter.  It 
passes  downwards  and  outwards  across  the  front  of  the 
foramen,  and  is  inserted  on  the  base  of  the  scaphognathite 
on  the  inner  side  of  the  previous  muscle. 


266 

Inner  median  fiexor  {Lm,e.)  A  very  short  muscle 
arising  from  the  endopleuiite  near  the  middle  of  the  base 
of  the  foramen.  It  passes  downwards  below  the  other 
flexors  and  is  inserted  at  the  base  of  the  scaphognathite 
on  the  outer  side  of  the  inner  flexor. 

The  extensor  muscles  are  situated  beneath  the  flexors, 
so  that  it  is  necessary  to  cut  away  the  latter  in  order  to 
expose  the  extensors.  There  is  one  extensor  corresponding 
to  each  flexor,  and  the  insertion  of  each  extensor  is  near  to 
that  of  the  corresponding  flexor.  All  the  extensors  arise 
at  the  base  of  the  anterior  face  of  the  last  cephalic 
endopleurite.  They  are  all  short  muscles,  and  are 
inserted  on  the  posterior  wall  of  the  base  of  the 
scaphognathite. 

Inner  extensor  {i.f.)  Arises  at  the  base  of  the  endo- 
pleurite. It  passes  inwards  and  is  inserted  close  to  the 
inner  flexor. 

Inner  median  extensor  {i.  m,f.)  It  lies  immediately 
below  the  inner  median  flexor,  and  above  the  three  other 
extensors.  It  arises  about  the  middle  of  the  base  of  the 
endopleurite  and  passes  downwards  and  forwards.  Its 
insertion  is  close  to  that  of  the  inner  median  flexor. 

Outer  median  extensor  (o.  m.J\)  Its  origin  is  on  the 
inner  side  of  the  previous  muscle.  It  passes  obliquely 
outwards  and  forward  beneath  the  previous  muscle,  and 
is  inserted  close  to  the  insertion  of  the  outer  median 
flexor. 

Outer  e.vtensor  {o,f.)  A  very  short  and  broad  muscle 
arising  on  the  outer  side  of  the  origin  of  the  inner 
median  extensor.  It  passes  outwards  and  downwards  and 
is  attached  to  the  scaphognathite  close  to  the  insertion 
of  the  outer  flexor. 

The  last  two  muscles  have  their  insertions  situated 
in  the  thickened  bulb-like  portion  of  the  scaphognathite. 
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The  accessory  muscles  are  situated  entirely  within 
the  scaphognathite  itself.  Their  function  is  to  bend  the 
scaphognathite  during  the  process  of  lifting  up  or  extend- 
ing the  latter. 

There  are  two  muscles  which  arise  close  together  on 
the  inner  side  of  the  insertion  of  the  inner  flexor  of 
the  scaphognathite.  They  extend  outwards  into  the 
middle  and  inner  portions  of  the  scaphognathite. 

The  anterior  accessory  (a.  ace)  divides  into  two  parts, 
each  of  which  is  attached  to  the  anterior  wall  of  the 
scaphognathite. 

The  posterior  accessor}/  (p,  ace.)  also  divides  into  two 
parts.  One  division  appears  to  be  inserted  on  the 
posterior  wall  and  the  other  on  the  anteriqr  wall. 

VII.  First  maxillipede  (fig.  29).  Only  the 
extensor  and  flexor  of  the  Coxopodite  need  be  noted  here. 

The  eatemor  (e.  C.)  arises  on  the  epimeron  of  this 
somite.  It  passes  downwards  and  inwards  between  the 
two  flexors  of  the  flabellum  and  behind  the  extensor  of 
the  latter  (see  below).  It  is  inserted  near  the  outer  and 
posterior  margin  of  the  coxopodite. 

The  flexor  (/.  C.)  arises  at  the  upper  side  of  the 
posterior  face  of  the  last  cephalic  endopleurite  on  the 
inner  side  of  the  point  where  the  latter  fuses  with  the 
second  thoracic  endosternite.  It  passes  directly  down- 
wards as  a  narrow  muscle,  and  is  inserted  on  the 
anterior  margin  of  the  coxopodite. 

The  muscles  of  the  exopodite  have  the  same  arrange- 
ment as  the  similar  parts  in  the  third  maxillipede. 

The  muscles  of  the  flabellum  are  large  and  powerful. 
The  flabellum  lies  on  the  dorsal  side  of  the  gills,  and  by 
repeated  rhythmical  movements  keeps  the  surface  of  the 
gills  free  from  sand  and  mud. 
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The  (wtcnsor  [iw.  fl.)  is  a  short  broiul  muscle 
arising  from  the  upturned  edge  of  the  steruum  in  this 
somite.  It  passes  outwards  across  the  mouth  of  the  cavity 
of  the  coxopodite,  and  is  inserted  on  the  inner  side  of  the 
base  of  the  flabellum. 

The  anterior  flexor  {a,f.fl.)  is  a  fairly  broad  muscle 
arising  from  the  posterior  face  of  the  last  cephalic  endo- 
pleurite,  immediately  above  the  foramen  of  the  latter.  It 
passes  downwards,  and  is  inserted  on  the  anterior  edge  of 
the  base  of  the  flabellum. 

The  /posterior  flexor  {j^-f-fl-)  is  an  extremely  broad 
muscle  arising  from  the  last  cephalic  endopleurite,  above 
the  origin  of  the  previous  muscle.  It  runs  downwards 
behind  the  extensor  of  the  coxopodite,  and  is  inserted  on 
the  posterior  edge  of  the  base  of  the  flabellum. 

VIII.  Second  maxillipede.  This  appendage 
is  similar  to  the  thiixl  maxillipede  in  structure,  and  its 
muscles  have  the  same  arrangement  (see  below). 

The  extensor  muscle  of  the  coxopodite  arises  from  the 
inner  side  of  the  second  thoracic  epimeron,  and  the  flexor 
arises  from  the  upper  end  of  the  anterior  face  of  the 
second  thoracic  endosternite.  All  the  muscles  of  the 
basi-ischium  are  attached  to  the  lower  end  of  the  anterior 
face  of  the  second  thoracic  endosternite.  The  muscles  of 
the  flabellum  are  quite  small,  but  have  the  same  parts  as 
described  in  the  first  maxillipede. 

IX.  Third     maxillipede    (fig.  30). 
Coxopodite.     There  is  a  small  extensor  and  a  larger 

flexor. 

The  eMensor  muscle  arises  on  the  inner  side  of  the 
third  thoracic  epimeron,  and  is  inserted  on  the  outer  side 
of  the  coxopodite  by  means  of  a  narrow  tendon  {ex.  C). 

The  flexor  muscle  is  attached  to  the  anterior  wall  of 
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the  third  endosternite.  It  passes  outwards,  and  is  inserted 
on  a  broad  tendon  (/.  C.)  at  the  inner  side  of  the  coxo- 
podite. 

Basi-ischiam.      There  are  two  chief  muscles. 

The  extensor  is  a  small  muscle  arising  from  the 
anterior  wall  of  the  third  thoracic  endosternite.  It  is 
inserted  on  the  ventral  side  of  the  basi-ischium  bv  means 

ft' 

of  a  small  tendon  {e,r,  B,). 

The  fle.vor  is  a  larger  muscle  arising  near  the  origin 
of  the  extensor.  It  is  inserted  on  a  long  tendon  (/.  B.) 
on  the  dorsal  side  of  the  basi-ischium.  There  is  also  a 
small  accessory  flexor  inserted  on  the  outer  side  of  the 
larger  flexor. 

There  is  one  flexor  and  one  extensor  for  each  of  the 
remaining  segments  of  the  endopodite.  The  muscles  of 
the  meropodite  and  carpopodite  are  fairly  large.  Those 
of  the  propodite  and  the  dactylopodite  are  small. 

The  exopodite  has  two  small  muscles  a  dorsal 
extensor  and  a  ventral  flexor. 

The  fla^ellam  of  the  exopodite  is  flexed  in  its 
natural  position.  There  is  a  large  eirteruor  muscle  (e.r.fl.) 
running  the  whole  length  of  the  exopodite,  which  is 
attached  to  the  outer  edge  of  the  flagellum  and  by  its 
action  raises  the  latter.  I  have  not  been  able  to  make 
out  a  flexor  muscle.  Probably  the  flagellum  falls  ]>ack 
into  its  natural  flexed  condition  by  means  of  the  elasticity 
of  the  arthrodial  membrane. 

The  flagellum  in  each  of  the  maxillipedes  is  very 
active,  and  is  constantly  moving  with  great  rapidity. 

X.     Chela.*    (fig.  21,  Text  fig.  10). 

Coxopodite.      There   are    two    muscles — a    posterior 

*  In  all  the  pcreiopods  it  is  probable  that  those  muscles  which  are 
situated  in  the  dorsal  region  of  the  pleural  muscle  chambers  arise,  not 
only  from  the  walls  of  the  latter,  but  also  from  the  carapace  in  this 
region  (PI.  IX,  fig.  66,  ^.m.) 
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extensor  pulling  the  ooxopodite  backward  and  an  anterior 
flexor  pulling  it  forward. 

The  eatensor  is  situated  in  the  outer  and  posterior 
region  of  the  fourth  thoracic  pleural  muscle  chamber.  It 
arises  from  the  anterior  and  posterior  walls  of  the  latter 
and  passes  forward  and  downward.  Its  insertion  is  on  a 
long  narrow  tendon  arising  from  the  posterior  side  of  the 
coxopodite  (fig.  21,  ex,  C,  Text  fig.  10,  (L). 

The  flea^or  is  a  much  larger  muscle  than  the  extensor, 
and  lies  in  the  fourth  thoracic  sternal  muscle  chamber. 
It  arises  from  three  parts  of  the  endophragmal  system — 
(1)  from  the  posterior  face  of  the  third  thoracic 
endosternite ;  (2)  from  the  inner  side  of  the  third  endo- 
pleurite ;  and  (-3)  from  the  anterior  face  of  the  fourth 
thoracic  endosternite.  It  passes  downward  and  forward, 
and  is  inserted  on  an  extremely  broad  tendon  on  the 
anterior  side  of  the  coxopodite  (fig.  21,  /.  C,  Text:  fig. 
10,  c). 

Basi-ischiopodite.  There  are  two  extensors  and  three 
flexors  inserted  on  the  proximal  region  of  this  segment. 

The  anterior  extensor  is  situated  in  the  anterior  and 
ventral  portion  of  the  fourth  thoracic  pleural  muscle 
chamber.  It  arises  from  the  ventral  part  of  the  anterior 
and  inner  walls  of  the  chamber.  It  runs  outward,  and  is 
inserted  on  a  long  and  narrow  tendon  situated  immediately 
above  the  anterior  hinge  (fig.  21,  a,  ex,  B,  Text  fig.  10,  /.). 

The  posterior  extensor  is  a  small  muscle  situated 
almost  entirely  in  the  base  of  the  coxopodite.  It  is 
attached  to  the  ventral  part  of  the  wall  of  the  fourth 
pleural  muscle  chamber.  It  passes  outward,  and  is 
inserted  on  a  small  tendon  which  is  immediately  above 
that  of  the  anterior  extensor  (fig.  21,  p.  ex,  B,,  Text  fig. 
10,  €,) 

The  anterior  flexor  lies  in  the  ventral  region  of  the 
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fourtli  stei'ual  muscle  chamber,  and  arises  from  the  fourth 
thoracic  steruum.  Its  course  is  outward,  upward  and 
backward,  and  at  its  outer  extremity  it  is  inserted  on  a 
broad  tendon  lying  on  the  ventral  side  of  the  basi-ischium, 
mid-way  between  the  two  hinges  (fig.  21,  n.  f.  li..  Text 
fig,  10,  "*.)■ 


Fr<;.  10.—  The  proximal  end  of  the  chela.  *ftar  all  the  soft  timueB  have 
been  removed.  The  tendons  o(  the  miucles  moving  the  eoi»  and 
basi-ischium  are  shown.  (The  upper  side  of  the  ^ure  is  dora&l, 
and  the  right  fide  is  the  anterior  end.) 

Coxopodiie. — a.  =  dorsal  hinge  ;  6.  =  ventral  bing« ;  e.  =  tendon  of 
Heior  muscle ;  d.  =  tendon  o(  eit^nsor  muscle. 

Baai-i»ehium. — e.  =  posterior  extensor  muscle;  /.  =  anterior  extensor 
muscle:  ?.  =  lesser  posterior  flexor  muscle;  A.  =  giea(«t  posterior 
flexor  muscle  ;  i.  =  anterior  flexor  muncle ;  I.  —  posterior  hinge  ; 
tn.  =  anterior  hinge. 

The   greater   posterior   flexor   lies   in    the  outer  and 
anterior  portion  of  the  fourth  pleural  muscle  chamber. 
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and  its  origin  is  on  the  anterior  wall  of  the  latter.  It 
passes  downward  behind  the  anterior  extensor,  and  is 
inserted  on  an  extremely  long  tendon  which  arises  from 
the  joint  immediately  behind  the  tendon  of  the  anterior 
flexor  (fig.  21,  /;.  /.  5.,  Text  fig.  10,  h.). 

The  lesser  posterior  flej^or  is  situated  on  the  inner  and 
anterior  region  of  the  fourth  pleural  chamber.  It  passes 
outward,  and  is  inserted  on  a  small  tendon  in  front  of  the 
posterior  hinge  (Text  fig.  10,  g.). 

The  Meropodite  has  very  little  movement,  and  the 
muscles  are  extremely  small. 

The  extensor  is  a  small  muscle  arising  from  the 
posterior  wall  of  the  ischium.  It  passes  downward  and 
backward,  and  is  inserted  on  a  small  tendon  on  the  ventral 
side  of  the  meros  (fig.  21,  t.  ex,  3/.). 

There  does  not  appear  to  be  a  definite  flexor  muscle, 
but  when  the  extensor  muscle  relaxes,  the  weight  of  the 
distal  portion  of  the  limb  is  sufficient  to  produce  the  small 
amount  of  flexion  necessary. 

Carpopodite.  There  is  an  anterior  flexor  and  a 
posterior  extensor  muscle. 

The  extensor  arises  from  the  posterior  walls  of  the 
meros  throughout  its  entire  length.  The  insertion  of 
the  muscle  is  on  a  long  tendon  situated  near  the  dorsal 
hinge  of  the  carpos.  This  tendon  lies  in  the  dorsal  part 
of  the  meros  and  extends  almost  to  the  proximal  end  of 
the  latter  {ex.  C}), 

The  ^exor  has  its  origin  on  the  anterior  walls  of  the 
meros.  Its  tendon  is  similar  in  size  to  that  of  the 
extensor.  It  lies  in  the  ventral  region  of  the  meros,  and 
arises  from  the  antero-ventral  border  of  the  carpos  (/.  C^). 

Propodite.  There  is  a  posterior  extensor  and  an 
anterior  flexor  muscle. 

The  extensor  arises  from  the  posterior  walls  of  the 
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carpos,  and  is  inserted  on  a  broad  tendon  at  the  posterior 
side  of  the  propodite  (e^rt.  P.). 

The  fle,ror  has  its  origin  on  the  anterior  wall  of  the 
carpos,  and  is  inserted  on  a  large  tendon  at  the  anterior 
side  of  the  propodite  (/.  P.). 

Dactylopodite.  There  is  a  dorsal  extensor  and  a 
ventral  flexor. 

The  ejtlensor  is  eomparatively  small,  and  arises  from 
the  dorsal  or  posterior  walls  of  the  propodite.  It  is 
inserted  on  to  a  narrow  tendon  which  is  situated 
immediately  above  and  between  the  two  hinges  of  the 
dactylos  {ext.  A). 

The  flexor  is  an  extremely  large  muscle  which 
occupies  the  greater  portion  of  the  propodite.  It  arises 
from  the  ventral  and  anterior  walls  of  the  latter,  and  is 
inserted  on  a  verv  broad  tendon  whi^h  is  attached  to  the 
ventral  side  of  the  dactylopodite  (/*.  1),). 

XL    First   walking  leg  (PI.  Ill,  fig.  22). 

Coxopodite.  There  is  a  posterior  extensor  and  an 
anterior  flexor. 

The  extensor  is  situated  in  the  fifth  pleural  muscle 
chamber.  It  passes  downward,  and  is  inserted  on  a  long 
narrow  tendon  immediately  behind  the  dorsal  hinge 
[ex.  C). 

The  flexor  is  a  large  muscle  sitim-ied  in  the  anterior 
and  upper  portions  of  the  fifth  sternal  muscle  chamber. 
Its  origin  is  partly  on  the  anterior  wall  of  the  chamber 
and  ])artly  on  the  median  plate.  It  passes  outward  and 
downward,  and  is  inserted  on  a  broad  tendon  on  the 
anterior  portion  of  the  coxopodite  (/.  6\). 

Basi-ischiopodite.  There  is  one  dorsal  extensor  and 
one  ventral  flexor  muscle. 

'i'lic  r.rfensor  occupies  the  dorsal  and  posterior  portion 
T 
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of  the  fifth  sternal  muscle  chamber.  It  arises  from  the 
anterior  face  of  the  fifth  thoracic  endosternite,  and  passes 
outward  and  downward,  and  is  inserted  on  a  long  tendon 
on  the  dorsal  side  of  the  basi-ischium  {ex,  B.), 

The  flexor  lies  in  the  ventral  and  posterior  part  of  the 
fifth  sternal  muscle  chamber.  It  arises  from  the  median 
plate,  and  passes  downward  and  outward.  Its  insertion 
is  on  a  fairly  broad  tendon  on  the  ventral  side  of  the  joint 
(/.  B.). 

In  addition  to  the  above  flexor  there  is  a  small 
accessory  flexor  muscle  on  each  side  of  the  former.  Tbey 
are  probably  comparable  to  the  anterior  flexor  and  lesser 
posterior  flexor  of  the  corresponding  segment  of  the  cliela. 

The  muscles  of  the  other  segments  of  this  limb  are 
very  similar  to  those  described  above  in  the  chela.  The 
two  muscles  of  the  dactylopodite,  however,  are  extremely 
small,  and  almost  equal  in  size. 

XII.  Second    walking   leg. 

The  muscles  here  are  similar  to  those  of  the  first 
walking  leg. 

Coxopodite.  The  extensor  arises  from  the  sixth 
pleural  muscle  chamber.  The  flexor  arises  from  the  sixth 
sternal  muscle  chamber. 

In  the  BaBi-isohiopodite  both  muscles  arise  from  the 
sixth  sternal  muscle  chamber. 

XIII.  Third     walking   leg. 

The  muscles  are  similar  to  those  of  the  two  previous 
appendages. 

Coxopodite.  The  extensor  arises  from  the  seventh 
pleural  muscle  chamber.  The  flexor  arises  from  the 
seventh  sternal  muscle  chamber. 

In  the  Basi-isohiopodite  both  muscles  arise  from  the 
seventh  sternal  muscle  chamber. 


XIV.     Fourth    walking   leg  (PI.  Ill,  tig.  23). 

In  the  coxopodite  and  basi-isehiiim  there  are  the 
same  muscles  as  in  the  other  walking  legs.  There  is, 
however,  an  additional  extensor  of  the  coxopodite.  This 
ventral  cvtensor  is  inserted  on  a  small  narrow  tendon 
(i\  ex.  C.)  immediately  below  the  insertion  of  the  dorsal 
extensor. 

The  muscle  chamber  in  this  somite  is  not  divided  into 
pleural  and  sternal  regions.  Hence  it  may  be  designated 
the  pleuro-sternal  muscle  chamber  (see  section  on 
Endophragmal  System).  All  the  muscles  of  the  coxa  and 
the  basi-ischium  arise  from  this  chamber. 

The  dorsal  extensor  of  the  coxopodite  arises  from  the 
anterior  wall  of  the  chamber ;  the  ventral  extensor  from 
the  median  plate ;  the  flexor  of  the  coxopodite  from  the 
anterior  end  of  this  muscle  chamber.  The  extensor  of  the 
basi-ischium  arises  from  the  anterior  and  inner  corner  of 
the  chamber,  and  the  flexor  has  its  origin  on  the  median 
plate. 

The  muscles  of  the  remaining  parts  of  this  appendage 
are  similar  to  those  of  the  other  walking  legs. 

In  the  chela  the  coxa  swings  horizontally.  In  the 
first  walking  leg  the  coxa  is  slightly  tilted,  so  that  it 
swings  forward  and  slightly  downward.  In  each  of  the 
succeeding  walking  legs  the  corresponding  part  is  more 
tilted,  and  in  the  last  walking  leg  the  ventral  hinge  of  the 
coxa  is  more  posterior  and  the  dorsal  hinge  anterior.  So 
that,  instead  of  swinging  horizontally  as  in  the  chela,  the 
coxa  swings  in  a  plane  inclined  at  a  considerable  angle  to 
the  vertical,  and  during  the  movement  of  extension  the 
limb  is  capable  of  being  turned  almost  on  to  the  dorsal 
side  of  the  carapace.  The  presence  of  the  additional 
extensor  muscle  undoubtedly  aids  such  a  movement. 

This  freedom  of  movement  is  probably  not  of  much 
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value  in  Cancer.  In  the  swimming  crabs,  however,  where 
the  last  thoracic  appendages  are  flattened  and  oar-like 
and  are  utilised  as  an  effective  rowing  organ,  such  an 
arrangement  is  of  no  mean  importance. 

Muscles  of  the  fore-gut.  These  are 
described  in  the  section  on  the  Alimentary  Canal. 

The  Dorso- ventral  muscles  are  described 
in  the  section  on  Respiration. 

It  is  of  interest  to  note  in  passing  that  in  the  ease  of 
those  muscles  arising  from  the  carapace,  there  are  definite 
marks  on  the  outside  of  the  shell  corresponding  in  shape 
and  size  to  the  areas  of  the  origin  of  these  muscles.  It 
has  been  stated  above  (section  on  Integument)  that  the 
muscle  is  not  directly  attached  to  the  chitinous  exo- 
skeleton,  but  arises  from  the  basement  membrane  under- 
lying the  epidermis.  How,  then,  can  the  marks  of  the 
muscle  attachments  be  duplicated  on  the  outer  side  of  the 
exoskeleton  ? 

The  most  probable  explanaticfn  is  that  in  those 
regions  where  the  muscles  are  attached  to  the  basement 
membrane  the  cells  of  the  epidermis  are  in  some  way 
affected  by  the  underlying  muscles.  In  this  manner  the 
rate  of  secretion  of  the  integument  may  have  been  slightly 
reduced  in  these  localised  areas,  thus  producing  the  marks 
on  the  outer  side  of  the  carapace. 

Muscles   of  the   Abdomen. 

On  account  of  the  tliird,  fourth  and  fifth  somites 
being  fused  together,  the  abdominal  muscles  of  the 
male  abdomen  differ  from  those  of  the  female. 

Female  abdomen   (PI.  IV,  figs.  32,  33). 

There  are  two  sets  of  muscles  working  each  somite. 
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a  pair  of  dorsal  extensors,  and  a  pair  of  ventral  flexor 
muse*  I  OS. 

Somite  I.  Each  ediensor  (r.v.  1)  arises  as  a  broad  band 
of  muscle  from  tlie  top  of  the  epimeral  region  of  the  last 
two  thoracic  somites.  It  passes  inward  and  backward, 
and  is  inserted  on  the  side  of  the  anterior  triangular 
portion  of  the  tergiini  of  the  first  somite. 

Each  fli'.vo)'  (/.  1)  muscle  arises  from  the  **  sella 
turcica  "  in  tlie  thorax,  and  passes  backward  near  the 
median  line.  It  is  inserted  on  a  small  ingrowth  of  the 
sternum  immediately  in  front  of  the  arthrodial  membrane 
separating  the  first  sternum  from  the  second. 

Somite  II.  Each  ewteusor  (eo*.  2)  is  inserted  on  a 
small  concavity  in  the  tergal  region  of  the  first  somite. 
It  passes  backward,  and  is  inserted  near  the  middle  line 
on  a  tendon  which  is  attached  to  the  anterior  extremity  of 
the  second  somite. 

Each  fleuor  (/.  2)  arises  from  the  posterior  face  of  the 
ingrowth,  or  tendon,  at  the  posterior  end  of  the  first 
sternum.  It  passes  backward  near  the  median  line,  and 
is  inserted  on  the  anterior  face  of  a  similar  tendon  at  the 
[)osterior  extremity  of  the  second  sternum. 

Somite  III.-YI.  and  Telson.  The  muscles  in  the 
succeeding  abdominal  somites  have  the  same  arrange- 
ment as  those  of  tlie  second  somite.  The  flexor  of  the  last 
abdominal  somite  is  not  inserted  on  a  well-marked  tendon. 
The  same  applies  to  both  the  origin  and  insertion  of  the 
ficxor  muscle  of  the  telson. 

U  r  o  p  o  d    of    female    (PL  IV,  fig.  25). 

In  their  natural  position  the  uropods  are  extended 
and  lie  almost  horizontal,  with  their  distal  extremities 
pointing  toward  the  posterior  end  of  the  abdomeh." 

The  Protopodite  is  capable  of  two  kinds  of  move- 
ment.    First  there  is  a  movement  in  an  antero-posterior 
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plane.  The  flexor  muscle,  which  has  very  little  [>ower, 
moves  the  protopodite  forward,  and  the  extensor  acts  in 
the  opposite  direction. 

The  eMensor  {cr.  prot,)  arises  from  the  |>osterior 
region  of  the  tergiim  of  the  somite  to  which  the  uropod 
belongs.  It  passes  forward  and  downward,  and  is  inserted 
on  a  small  tendon  on  the  anterior  wall  of  the  protopodite, 
some  distance  below  the  proximal  border  of  the  latter. 

The  flexor  (/.  prot.)  arises  from  the  anterior  region  of 
the  tergum.  It  passes  downward  and  inward,  and  its 
insertion  is  on  a  tendon  arising  from  the  outer  border  of 
the  protopodite. 

The  protopodite  also  has  a  slight  movement  from  side 
to  side.  The  flexor  muscle  draws  the  appendage  towanl 
the  middle  line  and  the  extensor  pulls  it  outward. 

The  lateral  extensor  {I,  ex.  prot.)  arises  from  t»he  outer 
region  of  the  tergum,  and  passes  downward  and  inward. 
Its  insertion  is  on  a  tendon  arising  from  the  outer  border 
of  the  protopodite. 

TTie  lateral  flexor  {I.  f.  prot.)  arises  from  the  inner 
part  of  the  tergum.  It  passes  downward  and  outward,  and 
is  inserted  on  a  tendon  arising  from  the  inner  border  of 
the  protopodite. 

Exopodite.  The  movement  of  the  exopodite  is  lateral. 
There  is  one  extensor  and  two  flexors. 

The  extensor  (ext.  ex.)  arises  from  the  outer  edge  of  the 
protopodite.  It  passes  downward,  and  is  inserted  on  the 
inner  wall  of  the  exopodite  some  distance  below  the 
arthrodial  membrane. 

The  flexors  {d^  f.  ex.,  v.  f.  ex.)  arise  from  the  inner  wall 
of  the  protopodite.  They  pass  outward,  and  converge  to 
a  single  insertion  on  the  inner  edge  of  the  exopodite. 

The  endopodite  is  fused  to  the  protopodite,  and  has  no 
muscles. 
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Male    abdomen. 

There  are  no  extensors  between  the  third  and  fourth 
somites,  and  also  between  the  fourth  and  fifth  somites. 

According  to  Williamson,  there  are  only  two  long 
flexors  at  each  side  arising  from  the  thorax.  One  is 
inserted  on  the  sternum  of  the  united  third,  fourth  and 
fifth  somites,  and  the  other  is  inserted  on  the  telson. 

Uropods  of  Male.  These  muscles  have  been  described 
by  Williamson.*  In  the  first  appendage  the  endopodite 
has  a  strong  flexor  muscle.  The  extensor  is  extremely 
small,  and  probably  the  flexion  is  effected  by  the  elasticity 
of  the  arthrodial  membrane.  The  protopodite  has  two 
small  muscles,  one  of  which  flexes  and  the  other  rotates 
the  limb.  In  the  second  appendage  there  is  also  a  strong 
flexor  in  the  endopodite.  The  protopodite  has  a  system  of 
small  muscles  which  rotate,  extend  and  flex  tte  appendage. 

Histology    of    Muscle. 

The  muscles  of  Cancer  are  composed  of  striated  fibres. 
Each  fibre  is  an  elongated  multi-nuclear  cell  which 
reveals,  in  longitudinal  sections  and  in  stained  prepara- 
tions, two  kinds  of  striations — longitudinal  and  transverse. 
As  a  rule,  the  cross  striations  are  the  more  obvious,  and 
produce  the  **  striped "  appearance  so  characteristic  of 
Arthropod  muscle  fibres. 

Each  fibre  is  composed  of  numerous  longitudinal 
fibrils,  which  give  rise  to  the  longitudinal  striations.  In  a 
transverse  section  across  a  fibre  it  is  seen  that  the  fibrils 
have  an  unequal  distribution,  and  are  usually  grouped 
together  into  polyhedral  areas  (Cohnheim's  areas).  The 
bundle  of  fibrils  constituting  a  single  area  is  known  as  a 
muscle  column.     The  various  muscle  columns  are  separated 

■•'-  Williamson,    H.    C.     Twenty -second   Annual   Report  of  th€ 
FisJiery  Board  for  Scotland f  p.  104. 
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from  one  another  by  the  sarcoplusm  (protoplasm),  which 
varies  in  quantity  in  difterent  kinds  of  fibres. 

In  stained  preparations  the  muscle  fibre  reveals 
alternate  light  and  dark  cross-striations.  At  its  centre, 
each  light  band  is  interrupted  by  a  transverse  line 
(Krause's  membrane).  There  is  also  a  transverse  line 
stretching  across  the  middle  of  the  dark  band  (Hensen's 
line).  The  latter  is  only  seen  with  diftieidty.  Each 
portion  of  a  fibril  between  two  adjacent  Krause's 
membranes  is  known  as  a  **  sarcomere." 

llaycraft's*  experiments  led  him  to  believe  that  the 
cross  striations  are  due  to  regularly-occurring  varicosites, 
and  some  of  the  preparations  made  in  the  course  of  the 
present  work  appear  to  show  this.  It  is  doubtful  whether 
this  structure  (even  if  admitted)  is  alone  sufficient  to 
account  for  £he  fact  that  the  cross-striations  seen  in  fresh 
tissue  are  accentuated  under  the  action  of  various 
staining  reagents.  It  is  highly  probable,  as  suggested  by 
Schafer,  that  the  cross  striation  of  the  fibrils  is  due  to  the 
heterogeneous  nature  of  the  latter. 

An  examination  of  the  fresh  muscles  of  a  crab  reveals 
the  interesting  fact  that — as  in  the  vertebrates — some  of 
the  muscles  are  of  a  darker  colour  than  others.  Sections 
across  the  muscle  fibres  show  that,  generally  speaking,  the 
**  dark  "  muscles  have  much  more  sarcoplasm  than  the 
**  light "  ones.  Hence  Knoll  distinguished  between 
plasmic  (dark)  and  aplasmic  (light)  fibres.  Biedermannt 
has  shown  that  there  is  a  definite  relationship  between  the 
amount  of  sarcoplasm  present  in  a  fibre  and  the  nature  of 
the  work  performed  by  the  fibre.  He  has,  furthermore, 
stated  that  "  the  elements  of  those  muscles  which  serve 

♦  Havcraft,  J.  B.     "  Cause  of  Striation  of  Voluntary  Muscular 
Tissue,"  Q.J. M.S.,  Vol.  XXI  (1881). 

t  Biedcnnann,  W.    EUctro^physiologyt  Vol.  I. 
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the  most  persistent  or  most  strenuous  action  are  richest  in 
sarcoplasm/' 

In  Cancer  the  muscles  present  all  f^rades  of  colour, 
from  an  opaque  yellowish  brown  (muscles  of  scapho- 
ji^nathite)  to  a  transparent  white  (muscles  of  appendages). 
Undoubtedlv,  the  most  active  muscles  of  the  bodv  are 
those  of  the  scaphognathite,  and  probably  the  flexors  and 
extensors  of  the  abdomen  are  the  most  sluggish  (in  the 
Macrura  the  abdominal  muscles  are  very  strenuous).  I 
append  a  list  of  muscles,  commencing  with  the  most 
strenuous  and  darkest  in  colour  and  finishing  with  the 
least  active.  In  all  cases  the  position  of  a  muscle  on  the 
list  for  colour  agrees  with  its  position  regarding  its 
activity. 

1.  Muscles  of  the  scaphognathite. 

*2.  Muscles  of  the  heart. 

•i.  Mandibular  muscles. 

4.  Anterior  cardiac  muscles. 

•").   Extensor  muscles  of  fiagella  of  maxillipedes. 

i).  Gastric  muscles  (other  than  the  anterior  cardiacs). 

7.  Muscles  of  the  appendages. 

5.  Extensor  and  flexor  muscles  of  the  abdomen. 


COELOM  AXD  BODY  CAVITY. 

Arthropods  in  general  are  characterised  by  the 
presence  of  a  greatly  reduced  coelom  in  the  adult.  This 
reduction  of  the  coelom  is  the  result  of  the  increase  in  the 
blood-holding  spaces  or  sinuses.  This  system  of  swollen 
sinuses,  which  contain  the  venous  blood,  has  produced  a 
series  of  cavities  lying  between  the  various  orga;ns  of  the 
body,  and  has  been  termed  by  Lankester  a  haemocod.  The 
theory  of  Phleboedesis  formulated  by  Lankester  to  account 
for'  the  development  of  the  haemocoeT  is  as  follows:  — 
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"  The  system  of  blood-coutaiuing  spaces  pervading  the 
body  in  Mollusca  and  Arthropoda  is  not,  as  sometimes 
supposed,  equivalent  to  the  coelom  or  perivisceral  space  ol 
such  animals  as  the  Chaetopoda  and  the  Yertebrata,  but 
is  in  reality  a  distended  and  irreijularlv  swollen  vascular 
system  the  equivalent  of  the  blood-vascular  system  of 
Chaetopoda  and  Yertebrata.*  ' 

In  Cancer  the  onlv  remnants  of  the  true  coelom  are 
the  gonadial  sacs  and  the  end  sacs  of  the  antennary 
glands.  The  labvrinth  and  bladder  of  the  excretory 
system  are  lined  by  cells  derived  from  epiblast. 

ALIMEXTAUY   CAXAL 

(Pis.  Y,  YI,  VII). 

The  alimentary  canal  extends  from  the  month,  which 
is  situated  on  the  ventral  side  of  the  cephalic  region 
between  the  mandibles,  to  the  anus  on  the  ventral  side 
of  the  telson.  The  nature  of  the  development  of  the 
alimentary  canal  suggests  a  natural  division  into  three 
parts: — (1)  The  fvrc-gut,  which  is  the  embryonic 
stomodaeum,  (ti)  the  mul-f/ut,  the  archenteron  of  the 
embryo,  and  (^)  the  hind-gut,  which  is  the  embryonic 
proctodaeum. 

F  o  r  e  -  g  u  t . 

The  fore-gut  commences  at  the  mouth  and  is  formed 
of  the  embryonic  epiblast.  It  is  lined  throughout  by  a 
cuticle  which  is  continuous  with  the  exoskeletou  around 
the  mouth.  The  mouth  leads  into  a  short  oesophagus 
(PI.  YI,  fig.  40,  oe.)  which  opens  into  the  so-called 
**  stomach,"  which  is  continuous  behind  with  the  mid-gut. 

The  mouth  is  situated  on  the  ventral  surface  of  the 

*  Lankester,  E.  Bay.    *'  The  Enterocoela  and  the  Ck>elomocoeUy*' 
A  Treatise  on  Zoology,  Part  II. 
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cephalic  region,  and  is  bounded  in  front  by  a  fleshy  lobe — 
the  labnnn  (PL  III,  tigs.  18,  20,  lab.)  or  anterior  lip — 
and  behind  by  the  metastoma  (rn^t,)  or  posterior  lip.  On 
each  side  of  the  mouth  are  the  mandibles. 

Both  the  labrum  and  metastoma  have  closely  packed 
ghmds  which  have  the  appearance  and  structure  of  the 
**  salivary  glands  "  found  in  the  walls  of  the  oesophagus. 
It  is  not  inconceivable  that  they  have  the  same  function 
as  the  oesophageal  glands.  The  mandibles  also  have  at 
their  base  a  mass  of  glands  which  are  continuous  with 
those  in  the  ventral  portion  of  the  oesophageal  walls. 

In  the  oesophagus  (PI.  V,  fig.  35)  the  epidermal  cells 
(ch.  ep.)  are  of  great  length.  In  a  soft  crab  with  a 
carapace  25  mm.  in  width  these  cells  are  90  fi  in  length 
and  only  IJ  fi  wide.  On  the  outer  side  of  the  epidermis 
is  a  thin  chitinous  layer  about  8  ai  in  width.  ITiis  consists 
of  two  layers  a  thin  outer  structureless  layer,  the  cuticle, 
and  a  broader  inner  layer  showing  evidences  of  longi- 
tudinal striations.  On  the  inner  side  of  the  epidermis  is 
a  well-marked  basement  membrane.  Below  the  basement 
membrane  is  a  layer  of  connective  tissue  (der,)  about  370  fi 
in  width.  This  is  composed  of  a  dense  reticulate  mass 
formed  of  intercrossing  connective  tissue  fibres.  There 
are  also  small  connective  tissue  cells  scattered  about. 
Embedded  in  the  connective  tissue  are  numerous  glands 
which  may  conceivably  be  salivary  glands,  but  which  I 
designate  the  oesophageal  glands  {sal.  g,). 

On  the  outer  side  of  the  connective  tissue  of  the 
oesophagus  is  a  layer  of  circular  muscles — the  constrictors 
of  the  oesophagus  (c,  oe.) — and  passing  through  the 
connective  tissue  and  attached  to  the  basement  membrane 
are  numerous  muscle  bundles — the  dilators  of  ike 
oesophagus  (oe.  L). 

Each  oesophageal  gland  is  globular  and  consists  of 


iiunu»rmis  large  conical  colls,  the  apex  of  eacli  cell 
pointing  to  the  centre  of  the  uiass.  Each  cell  has  a  well- 
defined  nucleus  near  its  outer  side.  In  the  centre  of  each 
ghuid  mass  is  a  small  cavity  into  which  the  secretion  from 
the  individual  cells  is  jioiired.  This  small  central  cavity 
is  connected  with  the  lumen  of  the  oesophagus  by  means 
of  a  long  narrow  duct  which  ])asses  between  the  cells  of 
the  epidermis.  The  duct  and  its  walls  is  probably  formed 
of  a  single  cell,  in  which  case  the  gland  duct  is  intra- 
cellular. These  glands  are  scattered  through  the 
connective  tissue  of  the  oesophageal  wall.  They  take  the 
stain  distinctly,  and  have  a  diameter  of  25 /*  to  35  fi  in 
the  small  crab  mentioned  above.  From  the  above 
description  it  would  ai)pear  that  the  oesophageal  glands 
are  merely  modified  cutaneous  glands. 

At  the  extreme  ventral  end  of  the  oesophageal  wall 
at  each  side  there  is  an  additional  mass  of  such  glands 
which  are  very  closely  packed  together  {i\oe.<j.).  As 
mentioned  above,  these  glands  are  continuous  with  those 
of  the  mandible. 

The  large  and  spacious  region  of  the  fore-gut  which 
follows  the  oesophagus  is  generally  termed  the 
**  stomach;"*  and  is  divided  into  a  large  anterior  portion 
— the  cardiac  chamber  (card.)  and  a  smaller  posterior 
portion   -the  pi/loric  chamber  [pyL], 

The  Cardiac  fore-gut  (PI.  V,  fig.  :U,  PL  VI,  fig.  40, 

card.)  is  a  large  simple  sac  roughly  spherical  in  shaiK\ 
The    cuticle    lining   this    part    of    the   alimentary    canal 

•  The  term  "stomach  "  is  an  unsatisfactory  one,  as  this  part  of  ■ 
the  foro-^iit  is  neither  embryologically  nor  physiologically  what  is 
generally  recognised  as  a  stomach.  Also  the  terms  "cardiac  **  and 
•*  pyloric  "  have  no  meaning  when  applied  to  the  Malacostraca,  seeing 
that  the  cardiac  region — as  pointed  out  by  Huxley — is  the  farthest 
from  the  heart.  It  would  be  inconveniejit,  however,  to  reject  the 
terms  "  cardiac  "  and  "  pyloric,"  as  such  a  change  would  also  involve 
an  alt^-'ration  in  the  names  of  numerous  ossicles  and  muscles  connected 
with  the  fore-gut.  The  terms  "  cardiac  fore-gut  "  and  "pyloric  fore- 
gut  ^'  will  be  used  in  the  present  Memoir. 
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presents  numerous  thickenings  to  form  an  elaborate 
system  of  plates  and  teeth  known  as  the  ^*  Gastric  Mill.'' 
This  will  be  described  below. 

The  posterior  wall  of  the  cardiac  fore-gut  is 
iuvaginated  on  its  ventral  surface  to  form  the  cnrdio' 
pt/loric  valve  separating  the  cardiac  region  from  the 
pyloric  region. 

The  Pyloric  fore-gut  (PI.  Y,  figs.  ^4,  m)  presents  a 
very  complicated  arrangement. 

In  the  posterior  two-thirds  of  the  pyloric  region  the 
chitin  of  the  ventral  wall  is  thickened  at  each  side  to 
form  the  piilor'iv  ampul /a''  (amp.).  These  are  clearly 
seen  from  the  outside  as  swellings  on  the  floor  of  the 
pyloric  region.  The  ampullae  have  their  chitinous  lining 
thrown  into  well-defined  longitudinal  parallel  ridges. 
From  the  summits  of  the  ridges  there  are  numerous^  fine 
setae  projecting  into  the  cavity  of  the  pyloric  chamber. 
Each  seta  has  numerous  small  hook-like  branches.  The 
two  ampullae  meet  in  the  mid-ventral  line  in  a  well- 
defined  ridge  the  iifter-ampitflan/  fold  (PL  Y,  fig.  80, 
/.  a.  f.). 

The  ventro-lateral  walls  immediatelv  above  the 
amjmllae  have  the  chitin  enormously  thickened  at  each 
side  to  form  cushion-like  pads  projecting  into  the  cavity 
of  the  pyloric  chamber  immediately  al)ove  the  ampullae. 
These  are  the  supra-ampul/art/  ridges  [**  voute  ampul- 
laire,"  Mocquard]  (amjf.c,).  Each  cushion  has  a  convex 
s\irface  which  faces  inwards  and  downwards,  and  fhe 
upper  parts  almost  meet  in  the  middle  line.  The  presence 
of  the  sui)ra-ampullarv  ridges  and  the  inter-ampullary 
fold  causes  the  cavity  and  the  ventral  part  of  the  pyloric 
chamber  to  be  reduced  to  a  narrow  two-rayed  fissure.  The 
supra-ampullary  ridges  are  covered  with  numerous  fine 
setae,    which    stretch   across    the    narrow   lumen    of    this 
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portion  of  the  pyloric  chamber,  so  as  to  form — as  Huxley 
suggested — a  very  effective  filtering  apparatus. 

The  dorsal  part  of  the  pyloric  chamber  has  a 
comparatively  large  cavity.  In  transverse  sections 
through  the  pyloric  region  the  lateral  walls  of  the  dorsal 
portion  arc  roughly  at  right  angles  to  one  another. 

The  Bupra-ampuUary  wall  (fig.  36,  s,  amp.)  is 
immediately  above  the  supra-ampuUary  ridges,  and  is 
almost  horizontal,  thus  forming  the  floor  of  the  upper 
region. 

The  pleuro-pyloric  wall  (pp^)  is  on  the  outer  side  of 
the  supra-ampullary  wall  and  turns  upwards  almost  at 
right  angles  to  the  latter.  This  portion  of  the  wall  may 
be  complicated  by  the  presence  of  folds  (up.  /.). 

The  dorsal  wall  is  simple  in  structure. 

Thus  in  the  posterior  two-thirds  of  the  pyloric  region 
the  lumen  is  divided  into  a  wide  dorsal  portion  and  a 
narrow  ventral  portion,  the  two  parts  being  capable  of 
complete  separation  by  the  concrescence  of  the  inner 
portions  of  the  supra-ampullary  ridges. 

The  anterior  third  of  the  pyloric  region  is  compara- 
tively simple,  and  shows  no  such  division  into  dorsal  and 
ventral  portions. 

It  is  probable  that  in  the  anterior  part  of  the  pyloric 
region  the  contents  undergo  a  certain  amount  of  separa- 
tion. For  instance,  anv  hard  shell-like  structures 
belonging  to  the  creatures  taken  in  as  food  will  be 
separated  from  the  soft  and  nutritious  parts.  The  hard 
parts  pass  backwards  along  the  wide  dorsal  chamber,  and 
by  means  of  an  elaborate  system  of  valves  they  are  carried 
directly  into  the  hind-gut  without  coming  into  contact 
with  the  uni)rotected  walls  of  the  mid-gut  (fig.  40,  ral.). 
The  valves  are  flap-like  structures  projecting  backwards 
from  the  upper  side  of  the  posterior  end  of  the  fore-gut. 


I 


287 

As  suggested  by  Huxley  and  Morquard  the  function  of 
these  valves  may  be  partly  to  prevent  the  waste  matter 
from  passing  back  into  the  fore-gut,  but  Cuenot  has 
claimed  that  the  valves  are  also  used,  as  described  above, 
for  carrying  the  hard  waste  pieces  directly  into  the  hind- 
gut.  The  mid-gut  is  not  lined  with  chitin,  and  con- 
sequently the  sharp  pieces  present  amongst  the  food  in 
the  alimentarv  canal  would  be  liable  to  tear  the  walls  of 
the  mid-gut. 

The  soft  parts  of  the  aliments  are  passed  through  the 
narrow  ventral  portion  of  the  pyloric  region,  where  they 
are  sieved  by  the  setae  stretching  across  the  lumen,  and 
near  the  posterior  region  of  this  region  the  food  comes 
into  contact  with  the  secretion  from  the  digestive  glands. 
The  latter  open  into  the  ventro-lateral  wall  of  the 
mid-gut  immediately  behind  the  ampullae,  and  the 
digestive  fluid  flows  forward  and  mixes  with  the  food  in 
the  ventral  part  of  the  pyloric  region. 

In  the  cardiac  and  pyloric  regions  we  have  essentially 
the  same  histological  arrangements  as  in  the  oesophagus. 
The  epidermis  consists  of  columnar  epithelium  of  much 
less  length  than  the  cells  of  the  oesophageal  epidermis. 
The  chitinous  layer  is  very  thin  except  in  the  regions  of 
the  ossicles  of  the  gastric  mill,  which  are  merely  thick 
portions  of  the  chitin  which  have  become  strongly 
calcified.  The  basement  membrane  is  well  marked  and 
the  connective  tissue  is  a  very  thin  layer.  Embedded  in 
this  layer  are  very  thin  bands  of  circular  and  longitudinal 
muscles. 

M  i  d  -  g  u  t  (or  M  e  s  e  n  t  e  r  o  n)  (PI.  V,  fig.  34,  m.  g.). 

The  mid-gut  is  an  extremely  short  portion  of  the 
alimentary  canal,  being  only  about  10  mm.  long  in  a 
full-grown  crab.     This  is  the  only  part  of  the  alimentary 
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oanal  wliich  is  derived  from  the  archenteron  and  is  lined 
by  cells  formed  from  the  hypoblast. 

From  the  mesenteron  arise  a  pair  of  caeca — ^the 
so-called  '*  pyloric  caeca."  This  is  an  unfortunate 
designation,  as  they  do  not  arise  from  the  pyloric  region 
of  the  fore-gut.  1  therefore  propose  to  substitute  the 
name  of  Mid-gut  caeca  (fig.  'i4,  caec).  Each  caecum 
arises  from  the  side  of  the  anterior  part  of  the  mid-gut. 
It  passes  forwaid  as  a  narrow  tube  alongside  the  pyloric 
chamber,  and  is  closely  applied  to  the  postero-lateral 
region  of  the  cardiac  chamber  of  the  fore-gut.  On  a  level 
with  the  widest  part  of  the  latter  the  caecum  terminates 
in  a  much  convoluted  portion. 

The  digestive  glands  (fig.  fS4,  di.  gl,)  arise  at  each 
side  from  the  ventro-latcrnl  region  of  the  mid-gut, 
immediately  behind  the  origin  of  the  mid-gut  caeca. 
These  will  be  described  more  fully  below. 

The  epithelium  lining  the  mid-gut  (PI.  X,  fig.  (51) 
consists  of  columnar  cells  having  a  length  of  55  fi  in  an 
adult  crab.  There  is  no  cuticular  lining  to  the  epithelium 
of  this  region,  but  each  cell  has  an  outer  striated  border 
from  1/1  to  2  /I  in  thickness.  This  is  similar  to  the 
"  Ilarchensaum  '*  present  in  the  mid-gut  of  Anurida*  and 
in  the  duodenum  of  many  vertebrates.  It  is  very  probable 
that  this  striated  border  is  characteristic  of  the  mid-gut 
epithelium  of  arthropods  in  general,  and  probably  the 
thin  cuticle  lining  the  mid-gut  of  Ligia  described  by 
Hewittt  is  a  similar  structure. 

In  many  of  the  epithelial  cells  are  refractive  bodies, 
probably  the  fnt  globules  mentioned  by  (\ienot.  Beneath 
the  epithelium  is  a  thick  basement  membrane.  In  the 
comparatively  broad  layer  of  connective  tissue  beneath 
the  basement  membrane  are  thin  layers  of  circular  and 
longitudinal  muscles. 

•  Imms.     L.M.B.C.  Memoir,  ••  Aiinrida.'* 
t  Hewitt.     L.M.B.C.  Memoir,  '*  Ligia.'' 
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H  i  n  d  .  g  u  t  (PL  V,  fig.  34,  A.  g.) 

The  hiiul-gut  or  intestine  is  a  long  narrow  tube 
extending  from  the  posterior  end  of  the  raid-gut  to  the 
anus  which  opens  on  the  ventral  surface  of  the  telson. 
Near  to  the  mid-gut  it  passes  below  the  median  bridge- 
like portion  of  the  reproductive  organs;  passing  further 
back  it  runs  beneath  the  pericardium,  and  a  short  distance 
behind  the  latter  it  enters  the  abdomen,  along  which  it 
pursues  a  straight  course.  Just  before  entering  the 
abdomen  the  hind-gut  gives  off  from  its  right  side  a  long 
coiled  tube — the  hind-gut  caecum  (fig.  34,  i.  caec,). 

The  caecum  lies  above  the  hind-gut,  and  the  coils, 
which  are  packed  very  closely  together,  extend  into  the 
first  segment  of  the  abdomen. 

The  hind-gut  has  very  pronounced  columnar 
epithelium  (PI.  X,  fig.  02).  This  is  lined  by  a  thin 
chitinous  layer,  consisting — as  in  the  fore-gut — of  an 
outer  cuticle,  and  a  layer  longitudinally  striated  which 
appears  to  be  continuous  at  the  anus  with  the  pigment 
layer  of  the  exoskeleton.  The  epithelium  rests  upon  a 
basement  membrane  outside  of  which  are  thin  layers  of 
circular  and  longitudinal  muscles. 

In  the  walls  of  the  hind-gut  immediately  behind  the 
mid-gut  there  are  closely  packed  glands  very  similar  in 
structure  to  those  present  in  the  walls  of  the  oesophagus. 

There  are  also  glands,  having  a  similar  structure  to 
the  above,  present  in  the  walls  of  the  hind-gut  in  the 
abdominal  region.     They  are  not  closely  packed  (fig.  62). 

Digestive  Gland. 

The  digestive  gland  ("  liver,"  "  hepato-pancreas  '') 
fPl.   V,  figs.  34,  37,  38,  39)  is  a  large  yellowish-brown* 

•  This  colour  is  due   to   lipochrome.      (Miss    Newbigin,   Journ. 
Physiol.,  Vol.  XXI.,  p.  237,  1897.) 
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organ  occupying  nearly  the  whole  of  the  ventral  side  of 
the  anterior  region  of  the  rephalothorax.  It  is  a  lobulated 
structure  composed  of  a  large  number  of  digitate  tubular 
outgrowths,  and  arises  from  the  mid-gut  at  each  side. 
The  front  edge  of  the  gland  sweeps  backward  close  to  the 
antero-lateral  border  of  the  carapace  and  resembles  the 
latter  in  having  a  notched  edge.  The  posterior  border  of 
the  gland  is  generally  on  a  level  with  the  anterior  region 
of  the  branchial  chamber :  in  other  words,  the  branchial 
chamber  is  only  covered  by  the  digestive  gland  at  its 
anterior  end.  Posteriorly  the  gland  occupies  the  ventral 
part  of  the  region  between  the  muscles  of  the  thoracic 
walking  legs,  and  below  the  pericai*dium  and  hind-gut. 
Throughout  the  digestive  gland  is  covered  by  the  gonads 
(PI.  VIII,  fig.  51).  The  gland  does  not  extend  into  the 
abdomen. 

Arising  from  the  mid-gut  at  each  .side  there  are  three 
main  ducts  which  communicate  with  smaller  ducts. 
These  branch  repeatedly,  and  ultimately  end  in  the 
cavities  of  the  tubules  of  which  the  main  part  of  the 
gland  is  composed.  Thus  the  tubules  have  a  cavity  which 
is  continuous  with  that  of  the  mid-gut,  and  both  the 
ducts  and  the  tubules  are  lined  bv  cells  derived  from  the 
embryonic  hypoblast.  Each  of  the  main  ducts  mentioned 
above  receives  the  digestive  ferments  from  one  of  the 
three  main  lobes  into  which  each  half  of  the  gland  is 
divided.  These  lobes  are  as  follows  (fig.  34): — (1)  An 
antero-lateral  lobe  having  its  outer  border  marked  by 
notches  which  correspond  to  the  markings  of  the  antero- 
lateral border  of  the  carapace ;  (2)  a  postero-lateral 
lobe  lying  above  the  anterior  part  of  the  branchial 
chamber;  and  (f3)  a  posterior  lobe  which  lies  between  the 
muscles  of  the  thoracic  walking  legs. 
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Histology     of    the     Digestive     Gland 

(PL  V,  figs.  :^7,  :]8,  89). 

Ill  sections  the  tubules  are  seen  to  be  closely  packed 
together,  generally  being  separated  only  by  a  very  thin 
layer  of  connective  tissue  (fig.  r]?,  c.t.)  or  a  small  blood 
sinus.  Soniotinics,  however,  the  walls  of  the  tubules  are 
not  separated  from  each  other  by  any  tissue.  The  lumen 
of  the  tubules  has  four  angles  in  transverse  section,  and 
the  cells  at  the  angles  are  much  shorter  than  the  others. 

The  ductn  are  lined  by  a  single  layer  of  large 
<()hunnar  and  non-glandular  cells.  In  the  sections 
stained  with  methyl-blue  eosin  these  cells  take  the  stain 

« 

more  readily  than  the  cells  of  the  tubules. 

The  tubules  (fig.  87)  have  three  kinds  of  cells. 

(1)  Pat  cells  (fig  37,  f,c.,  fig.  38).  These  are 
columnar  cells  from  70  fi  to  120  fi  in  length  and 
lo  fji  wide.  The  contents  of  the  cells  are  vacuolated,  due 
to  the  presence  of  fat  globules  (fig.  38,  g.  f.).  The  border 
of  each  cell  in  contact  with  the  lumen  of  the  tubule  is 
striated  (sh.).  The  nucleus  (n.)  is  generally  situated  in 
the  inner  portion  of  the  cell. 

(2)  Ferment  oells  (fig.  37,  fm,c,,  fig.  39).  These  are 
not  quite  as  long  as  the  fat  cells,  but  they  are  about  four 
times  as  broad.  Each  cell  contains  a  large  globular  mass 
(fig.  39,  /.  y.)  which  nearly  fills  the  whole  cell.  These 
masses  are  yellowish-brown  and  are  responsible  for  the 
characteristic  colour  of  the  digestive  gland.  According 
to  Frenzel  each  mass  is  enclosed  in  a  bladder,  and  the 
vesicles  are  more  abundant  during  feeding  time  than 
during  the  fasting  periods.  On  the  side  of  the  cell  in 
(•onta(  t  with  the  lumen  of  the  tubule  there  is  a  small 
amount  of  vacuolated  protoplasm  which  exhibits  striation. 
'J'he  border  of  the  cell  in  contact  with  the  lumen  was 
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described  l)v  MacMunn  as  being  ciliated.  This  is  highly 
improbable,  and  it  is  more  likely  that  we  have  in  both 
the  ferment  cells  and  the  tat  cells  a  striated  hem 
fHarchensaiim)  (sb.)  similar  to  that  already  described  in 
the  mid-gut  epithelium.  The  nucleus  is  situated  in  that 
portion  of  the  cell  farthest  removed  from  the  lumen. 

(3)  Young  oells  (fig.  37,  y.  c).  These  are  small  cells 
found  between  the  larger  cells  near  the  periphery  of  the 
tubules.  These  young  cells  stain  deeply  and  will 
eventually  give  rise  to  the  fat  cells  or  ferment  cells. 

Physiology    of    the    Digestive    Gland. 

As  pointed  out  by  ('Uenot,  the  digestive  gland  has 
many  functions,  which  may  be  summarised  as  Digestion, 
Absorption,  Ilxcretion,  Elimination  and  Regulation. 

Digestive  function.  According  to  MacMunn, 
Frenzel  and  others  the  gland  is  a  pancreas,  and  the 
ferments  produced  (proteolytic  and  amylolytic)  are  poured 
into  the  ducts  of  the  gland  and  thence  into  the  mid-gut. 
The  ferments  are  produced  entirely  in  the  ferment  cells. 

The  fat  cells  have  the  power  of  forming  and  storing 
fat. 

Eoaf*  found  that  the  action  of  the  extract  of  the 
digestive  gland  was  as  follows:  — 

It  does  not  digest  coagulated  white  of  egg.  It 
digests  fibrin  most  actively  in  alkaline  solution,  hut  not 
actively  in  acid  solution.  It  converts  starch  into  sugar, 
and  inverts  cane  sugar.  It  does  not  hydrolise  olive  oil, 
but  it  hydrolises  methyl  acetate. 

Function  of  absorption.  According  to  Cuenot  the 
digestive  gland  is  of  great  importance  as  an  accessory 
organ    for    absorbing    the    products    of    digestion.       The 

Roaf,  H.  K.  "A  Contribution  to  the  Study  of  the  Digestive 
Gland  in  ^lollusca  and  Decapod  Crustacea."  Bio-Chemical  Journal, 
Vol.  1,  Nos.  8  and  \i. 
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mid-gut  is  the  only  portion  of  the  alimentary  canal  not 
lined  with  chitin,  and  therefore  the  absorption  of  the 
soluble  products  of  digestion  can  only  take  place  in  this 
region.  It  is  inconceivable  that  the  short  mid-gut,  even 
with  the  mid-gut  caeca,  can  be  the  only  region  where  the 
process  of  absorption  is  carried  on.  The  digestive  gland, 
which  is  merely  an  outgrowth  from  the  mid-gut,  is  richly 
supplied  with  blood,  and  it  is  an  easy  matter  for  the  fluids 
to  pass  from  the  mid-gut  into  the  tubules  and  through 
the  cells  into  the  blood  stream.  Thus  the  digestive  gland 
becomes  an  accessory  absorptive  organ  of  no  mean 
importance. 

Excretory  function.  It  was  observed  by  Cu6not  and 
MacMunn  that  when  a  Crustacean  was  injected  with 
certain  colouring  matters,  the  latter  were  discovered  in 
the  ferment  cells  of  the  digestive  gland  as  well  as  in  the 
cells  of  the  recognised  excretory  organ.  Cuenot  is  of  the 
opinion  that  the  pigment  contained  in  the  excretory  cells 
is  of  an  excretory  nature,  and  that  when  the  contents  of 
these  cells  ultimately  find  their  way  into  the  alimentary 
canal,  the  excretory  pigment  becomes  separated  from  the 
ferments  and  passes  down  the  hind-gut  to  the  exterior. 

Function  of  elimination.  During  the  process  of 
absorption,  Cuenot  states  that  the  cells  of  the  digestive 
jrland  keep  back  many  useless  products  which  are  after- 
wards carried  to  the  exterior  together  with  the  excretory 
products.  This  is  cjuite  distinct  from  the  excretory 
function. 

Function  of  regulation.  In  addition  to  the  other 
functions  it  is  probable  that  the  digestive  gland  is  capable 
of  regulating  the  composition  of  the  blood,  especially  with 
regard  to  the  (juantity  of  water  contained  in  the  blood. 

Summary.  As  the  food  enters  in  at  the  mouth 
it    will   come   into  contact   with    the   secretion   from   the 
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oesophageal  glands.  In  the  cardiac  region  of  the  fore-gut 
the  food  is  broken  up  in  a  very  effective  manner.  Passing 
back  into  the  pyloric  chamber,  the  food  encounters  the 
cardio- pyloric  valve.  Here  the  large  pieces  are  prevented 
from  passing  into  the  pyloric  chamber.  The  food  which 
passes  into  the  latter  chamber  probably  undergoes  a 
further  process  of  sifting,  the  useless  material  passing 
along  the  dorsal  portion  of  the  pyloric  chamber  and  the 
food  being  passed  along  the  ventral  portion.  In  this 
ventral  region  the  food  first  comes  into  contact  with  the 
digestive  ferments.  Both  are  well  mixed  by  the  action 
of  the  muscles  of  the  pyloric  chamber. 

As  already  stated,  the  probable  regions  of  absorption 
are  the  mid-gut,  mid-gut  caeca  and  the  tubules  of  the 
digestive  gland.  The  waste  products  pass  down  the  long 
hind-gut  to  the  exterior. 

Ossicles  of  the  Fore-Gut. 
(PI.  VI,  figs.  40,  41,  43,  44.) 

In  certain  regions  of  the  fore-gut  the  chitinous  lining 
is  thickened  and  strongly  calcified  to  form  ossicles.  These 
ossicles  give  attachment  to  muscles.  One  set  of  ossicles 
in  the  dorsal  and  lateral  walls  of  the  cardiac  region  are 
connected  with  three  tooth-bearing  ossicles.  This  system 
of  plates  which  is  worked  by  the  anterior  and  posterior 
gastric  muscles  (see  section  on  Muscles  of  the  Fore-gut) 
forms  a  very  effective  apparatus  for  breaking  up  the  food 
which  has  passed  into  the  cardiac  fore-gut.  Hence  the 
name  gastric  milL 

In  addition  to  the  ossicles  of  the  gastric  mill  there 
are  **  supporting  ossicles  "  in  both  the  cardiac  and  pyloric 
regions.  To  these  supporting  ossicles  are  attached  the 
various  muscles  of  the  fore-gut. 
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Ossicles     of    the     Gastric     Mill. 

The  Mesooardiao  Ossicle  {m.c.)  is  a  small  median 
ossicle  in  the  dorsal  wall  of  the  cardiac  region.  It  is 
triangular  in  shape,  with  the  apex  pointing  forwards.  It 
is  not  clearly  separated  from  the  urocardiac  ossicle  which 
passes  posteriorly,  and  it  is  only  partially  separated  from 
the  pterocardiac  ossicle  which  extends  laterally.  The 
ossicle  is  thicker  dorso-ventrally  at  its  posterior  end,  and 
to  the  thickened  posterior  edge  the  anterior  ends  of  the 
cardio-pyloric  muscles  are  attached.  In  the  Macrura  and 
the  Anomura  the  mesocardiac  ossicle  is  much  larger  than 
in  the  lirachyura,  and  the  pterocardiac  pieces  are  much 
smaller. 

One  pair  of  Pterooardiao  Ossicles  {pt,c.).  They  are 
situated  to  the  right  and  left  of  the  mesocardiac  piece  and 
in  contact  with  it.  The  posterior  border  is  almost 
straight,  and  the  anterior  border  is  curved.  Each  ossicle 
is  broadest  on  its  inner  side,  and  tapers  towards  its  outer 
extremity.  Near  the  inner  border  of  each  ossicle  is  a 
smooth  area  where  the  anterior  gastric  muscle  is  inserted. 
Each  ossicle  extends  outwards,  and  its  outer  extremity 
articulates  with  the  zygocardiac  ossicle  by  means  of  the 
ante ro -lateral  ligament  (lig.). 

One  pair  of  Zygocardiac  Ossicles  (x.c.)  lying  in  the 
supero-lateral  wall  of  the  cardiac  region  of  the 
fore-gut.  Each  passes  backwards  and  inwards,  and 
comes  into  contact  at  its  posterior  end  with  the  exopyloric 
ossicle,  thus  forming  a  connecting  link  between  the 
ossicle  of  the  cardiac  and  the  pyloric  regions.  The 
zygocardiac  ossicle  is  irregular  in  shape.  The  anterior 
part  is  rod-like,  but  the  ossicle  becomes  gradually  broader 
us  it  passes  backwards,  and  the  posterior  portion  is  a  broad 
rectangular  plate  which  bears  the  lateral  tooth.    One  side 
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of  the  ossicle  points  inwards,  and  the  other  faces 
outwards.  The  inner  face  is  concave  and  the  outer  face  is 
convex.  The  inner  edge  of  the  ossicle  folds  outwards  so 
as  to  produce  a  deep  groove  on  the  outer  side  below  the 
convexity.  The  ossicle  has  four  borders.  The  anterior 
border  is  concave  and  terminates  at  its  posterior  extremity 
in  the  large  anterior  tooth.  The  dorsal  border,  which  can 
be  seen  through  the  dorsal  wall  of  the  stomach,  is  also 
concave.  It  passes  backwards  and  inwards  and  ends  at 
the  posterior  border.  The  posterior  border  has  a  large 
indentation  into  which  the  anterior  border  of  the 
exopyloric  ossicle  fits.  The  inner  border  lies  obliquely, 
being  nearer  the  middle  line  at  its  anterior  end.  The 
ossicle  appears  to  be  much  thicker  at  its  inner  border  than 
in  any  other  region.  This  thickness  is  not  real,  but  is 
merely  due  to  the  ossicle  folding  outwards  at  its  inner 
border.  This  inner  border  bears  the  denticles.  Anteriorly 
there  is  a  large  single  denticle,  which  is  followed  by  about 
seven  smaller  denticles,  which  point  inwards  and  decrease 
in  size  from  before  backwards.  The  folded  edge  of  the 
inner  border  is  crossed  by  about  twenty-four  transverse 
ridges.  This  system  of  denticles  and  ridges  on  the 
zygocardiac  ossicle  is  known  as  the  lateral  tooth  (Uit.  f.). 

The  Exopyloric  Ossicles  (ex.  py.)  are  a  pair  of  small 
triangular  plates,  each  of  which  lies  between  the  posterior 
border  of  the  zygocardiac  ossicle  and  the  pyloric  ossicle. 
The  superior  border  gives  support  to  the  posterior  end  of 
the  outer  part  of  the  cardio-pyloric  muscle,  and  on  its 
external  face  it  provides  insertion  for  the  external  part 
of  the  posterior  gastric  muscle. 

The  Urocardiao  Ossicle  (u.c.)  is  a  median  plate  more 
or  less  fused  with  the  mesocardiac  ossicle  in  front.  It 
passes  backwards  and  downwards  as  a  broad,  thin 
rectangular  plate.     At  its  posterior  end,  which  articulates 
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with  the  prepyloric  ossicle,  it  bears  the  large  blunt 
median  tooth  {med.,  t.)  on  its*  ventral  surface. 

The  Propyloric  Ossicle  (pr.p,)  is  a  small  median  plate 
situated  almost  vertically.  When  the  gastric  mill  is  at 
rest  the  lower  end  of  this  ossicle  is  considerably  behind 
its  upper  end.  Its  upper  end  articulates  with  the  front 
portion  of  the  pyloric  ossicle,  and  its  lower  end  is  in 
contact  with  the  posterior  end  of  the  urocardiac  ossicle. 
The  plate  is  roughly  triangular  in  shape  and  its  apex, 
which  points  downwards,  is  bifurcated.  The  base  of  the 
triangle  is  dorsal  and  is  extremely  concave.  The  ossicle 
is  highly  calcified  around  the  edges,  but  in  the  centre  it 
is  almost  membranous. 

The  Pyloric  Ossicle  (o.py.)  is  a  median  ossicle  lying 
between  the  two  cxopyloric  ossicles  which  articulate  with 
it  at  each  side.  It  covers  the  anterior  part  of  the  pyloric 
region  of  the  stomach.  Its  central  portion  is  membranous, 
but  laterally  it  is  slightly  calcified.  These  lateral 
calcifications  indicate  that  the  pyloric  ossicle  is  really  a 
paired  structure.  In  the  Macrura  all  signs  of  the  double 
origin  disappear. 

Cardiac     "Supporting    Ossicles.*' 

The  Pectineal  Ossicles  (pec.)  are  a  pair  of  irregular 
hammer-shaped  ossicles,  each  lying  in  the  lateral  wall  of 
the  fore-gut  l)eneath  the  posterior  portion  of  the 
zygocardiac  ossicle.  The  curved  **  handle  ''  of  the  hammer 
points  anteriorly.  On  the  inner  side  of  the  **  head  "  of  the 
hammer  are  three  daw-like  teeth.  These  are  the  lateral 
accessory  teeth  {aJ.L).  [**  Infero-lateral  cardiac  teeth," 
lluxley.] 

The  Prepectineal  Ossicles  (j^.pec.)  are  a  pair  of  long 
iiiirrow  rod-like  ossicles,  each  being  concave  on  its  inner 
border  and  extending  upwards  from  the  pectineal  ossicle 
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to  the  outer  edge  of  the  zygocardiac  ossicle  with  which  it 
articulates  by  means  of  a  ligament. 

One  pair  of  Post-peotineal  Ossioles  {pt,  pec)  Each  is 
a  narrow  rod-like  ossicle  which  passes  backwards  from  the 
pectineal  ossicle  to  the  posterior  wall  of  the  stomach.  It 
then  suddenly  turns  downwards  and  runs  down  the 
posterior  wall  of  the  cardiac  fore-gut  as  a  straight  rod. 
At  its  lower  end  the  ossicle  turns  forwards  for  a  short 
distance.  On  the  internal  border  of  the  ossicle  there  is  a 
row  of  setae  projecting  into  the  stomach. 

The  Infero-latepal  Cardiac  Ossioles  {i.l.)  are  a  pair  of 
long  rod-like  ossicles,  each  of  which  lies  immediately 
behind  and  parallel  to  the  rod-like  portion  of  the  post- 
pectineal  ossicle.  Dorsally  the  ossicle  is  in  contact  with 
the  sub-dentary  ossicle,  and  ventrally  it  terminates  on  a 
level  with  the  lower  end  of  the  post-pectin eal  ossicle. 
The  ossicle  is  broader  at  its  upper  end  and  tapers 
gradually  towards  its  lower  extremity. 

There  is  one  pair  of  Sub-dentary  Ossioles  (s.di.)  At 
its  anterior  end  each  ossicle  is  in  contact  with  the  inner 
border  of  the  zygocardiac  ossicle.  The  ossicle  passes 
downwards  and  backwards  as  a  somewhat  curved  rod,  and 
its  posterior  end  touches  the  upper  end  of  the  infero- 
lateral  cardiac  ossicle. 

The  Lateral  Cardio-pyloric  Ossioles  are  a  pair  of  small 
ossicles  articulating  with  the  posterior  and  upper  end  of 
the  infero-lateral  cardiac  ossicles. 

Postero-lateralCardiao  Plates  (t; J.  pL),  These  are  a 
pair  of  broad  plates  roughly  quadrangular  in  shape,  each 
lying  in  front  of  the  post-pectineal  ossicle.  It  is  a 
membranous  area  having  no  decided  calcification,  but 
being  distinctly  thicker  than  the  ordinary  wall  of  the 
stomach.  There  are  two  rows  of  long  setae  arranged  along 
the  posterior  edge  of  each  plate  and  projecting  into  the 
cavity  of  the  stomach. 
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The  Antero-lateral  Cardiac  Plates  (<^.a/.)  are  a  pair  of 
thickened  areas  in  the  side  walls  of  the  stomach  in  front 
of  the  postero-lateral  cardiac  plates,  but  they  are  not  so 
well  defined  as  the  latter. 

The  Cardio'pyloric  vahe  (c.p.v.)  is  the  thickened 
median  portion  of  the  posterior  wall  of  the  cardiac 
tore-gut.  Its  upper  end  is  invaginated  into  the  floor 
of  the  fore-gut  so  as  to  form  an  incomplete  partition 
between  the  cavities  of  the  cardiac  and  pyloric  regions  of 
the  fore-gut.  The  top  of  the  cardio-pyloric  valve  is  richly 
clothed  with  setae. 

Pyloric     **  Supporting    Ossicles.*' 

In  the  dorsal  wall  of  the  pyloric  fore-gut  there  are 
three  pairs  of  ossicles. 

The  Anterior  Mesopylorio  Ossioles  {a.mes)  are  a  pair 
of  small  ossicles  lying  immediately  behind  the  pyloric 
ossicle  near  the  median  dorsal  line. 

The  Posterior  Mesopylorio  Ossicles  (p.mes.)  are  a  pair 
of  small  ossicles  lying  behind  the  anterior  pair. 

The  Uropyloric  Ossicles  (u.py,)  are  a  pair  of  small 
ossicles  lying  in  the  roof  of  the  posterior  part  of  the 
pyloric  region  and  immediately  behind  the  posterior 
UK'Sopyloric  ossicles. 

In  the  ventral  wall  of  the  pyloric  fore-gut  the  main 
supporting  ossicles  are  as  follows:  — 

The  Antero-inferior  Pyloric  Ossicle  {a.i.p,)  is  a 
nuMlian  plate  shaped  somewhat  like  a  truncated  triangle. 
'I'lie  base  of  I  he  triangle  points  forwards  and  comes  into 
(contact  with  the  cardio-pyloric  valve.  This  ossicle  lies  in 
front  of  the  iuter-ampullary  groove. 

The  Pre-ampuUary  Ossicles  are  a  pair  of  small  plates, 
l^ach  lies  at  the  side  of  the  antero-inferior  pyloric  ossicle 
and  immediately  in  front  of  the  pyloric  ampulla. 
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The  Postero-inferior  Pyloric  Ossicle  is  a  median 
curved  rod-like  ossicle.  It  is  concave  anteriorly,  and  is 
situated  behind  the  pyloric  ampullae. 

In  the  lateral  walls  of  the  pyloric  fore-gut  there  are 
the  following  principal  ossicles :  — 

On  the  supra-ampullary  walls  there  are  three  pairs  of 
ossicles,  viz.,  the  Anterior  («.5.a.),  Middle  {m,s,a),  and 
Posterior  {p,s.a,)  Supra-ampullary  Ossicles. 

There  are  also  three  pairs  of  ossicles  in  the  pleuro- 
pyloric  walls,  viz.,  the  Anterior,  Middle  and  Posterior 
Pleuropyloric  Ossicles. 

The  positions  of  these  six  pairs  of  ossicles  are 
indicated  by  the  names. 

Muscles  of  the  Fore-git.     (PI.  VII.) 

Mocquard*  has  divided  the  muscles  of  the  fore-gut  into 
two  kinds.  The  extrinsic  muscles  are  those  muscles  which 
have  points  of  origin  on  some  part  of  the  skeletal  system 
outside  the  fore-gut,  and  which  are  inserted  on  to  ossicles 
lying  in  the  walls  of  the  fore-gut.  The  intrinsic  muscles 
are  attached  at  both  ends  to  ossicles  lying  in  the  walls  of 
the  fore-gut. 

i^iXtrinsic    Muscles. 

Anterior  Gastric  Muscles  (^.a.)—  one  pair.  Each 
muscle  has  its  origin  on  the  procephalic  process.  Both 
pass  directly  backwards  near  the  median  line,  being  only 
slightly  separated  from  one  another,  and  are  inserted  on 
the  front  of  the  pterocardiac  ossicles  near  the  middle  line. 

Inner  Posterior  Gastric  Muscles  (g.pd.) — one  pair. 
They  arise  from  two  small  calcareous  projections,  almost 
median  in  position,  situated  on  the  under  side  of  the 
mesogastric  region  of  the  carapace.     Each  muscle  passes 

•  Mocquard,   Aunales   Sciences   NaturelUs,   6   ser..    t.   16,   1883, 
p.  238. 
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downwards  and  forwards,  and  is  inserted  on  the  front  part 
of  the  pyloric  ossicle. 

Outer  Posterior  Oastric  Mascles  (g./f.e.) — two  pairs. 
The  two  muscles  at  each  side  lun  together  so  that  they 
may  be  mistaken  for  a  single  muscle.  They  arise  from 
the  under  side  of  the  mesogastric  region  of  the  carapace, 
some  distance  in  front  of  the  origin  of  the  dorsal 
pyloric  dilator  muscles,  but  not  so  near  the  middle  line. 
They  pass  downwards,  forwards  and  inwards,  and  are 
inserted  on  the  external  face  of  the  exopyloric  ossicle. 

The  above  three  sets  of  muscles  are  concerned  in  the 
working  of  the  gastric  mill.  In  addition  to  these  the 
intrinsic  muscles-  the  cardio-pyloric  muscles — to  be 
(l(»scribed  later,  are  also  used  in  connection  with  the 
gastric  mill. 

The  following  muscles  serve  to  dilate  the  fore-gut :  — 

Upper  Anterior  Dilator  Musoles  (a.s.)-  -one  pair.  Each 
arises  from  the  inner  side  of  the  cephalic  sternum 
immediately  behind  the  orbit.  The  muscle  is  not  a 
compact  one,  but  passes  backwards,  upwards  and  inwards 
as  a  series  of  muscular  strands  which  gradually  diverge. 
Thev  are  inserted  on  the  anterior  and  outer  corner  of  the 
fore-gut. 

Lower  Anterior  Dilator  Mascles  (d.ai.) — one  pair. 
These  are  a  smaller  pair  of  muscles  than  the  preceding. 
They  are  very  close  to  the  middle  line  so  as  to  appear 
almost  as  a  single  median  muscle.  Each  arises  on  the 
upper  side  of  the  epi stoma  near  the  middle  line  and  passes 
backwards  and  slightly  upwards,  being  inserted  on  the 
lower  part  of  the  front  wall  of  the  fore-gut  near  the 
median  line.  As  in  the  preceding  case,  the  muscle  is 
composed  of  several  separate  strands  which  diverge  as 
they  approach  the  point  of  insertion. 

Antero-lateral    Dilator  Musoles    ((l.la,) — one    pair. 
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These  are  narrow  muscle  bands  each  arising  about  half 
way  along  the  outer  edge  of  the  roof  of  the  pre-branchial 
chamber.  Each  passes  inwards  and  downwards  parallel 
to  the  front  edge  of  the  carapace  and  is  inserted  on  the 
lateral  wall  of  the  cardiac  region  of  the  fore-gut,  above 
the  oesophagus. 

Postero- lateral  Dilator  Husoles  ((Lip:)- one  pair. 
These  are  broad  muscles  arising  near  the  point  of  origin 
of  the  preceding  mUvScles.  Each  passes  directly  inwards 
and  slightly  backwards  and  downwards.  The  muscle 
broadens  considerably  as  it  approaches  the  fore-gut.  Its 
insertion  is  on  the  anterior  edge  of  the  postero-lateral 
cardiac  plate. 

Dorsal  Pyloric  Dilator  Muscles  (d.snp,) — two  pairs- 
anterior  and  posterior  The  two  muscles  at  each  side 
run  close  together  so  that  it  is  difficult  to  distinguish  the 
separate  muscles.  They  arise  close  together  from  the 
under  side  of  the  carapace  just  behind  the  origin  of  the 
outer  posterior  gastric  muscles.  They  pass  downwards 
and  slightly  forwards  and  are  inserted  on  the  ossicles  of 
the  dorsal  wall  of  the  pyloric  region  of  the  fore-gut. 
The  anterior  muscles  are  inserted  on  the  posterior  meso- 
pyloric  ossicles  and  the  posterior  muscles  on  the  uropyloric 
ossicles. 

Ventral  Pyloric  Dilator  Husoles.  Two  pairs — outer  and 
inner.  Each  of  the  inner  pair  (i.j)y.i.)  is  a  long  narrow 
muscle  arising  near  the  base  of  the  mandibular  apophysis. 
It  passes  upwards  and  slightly  backwards  on  the  inner 
side  of  the  posterior  oesophageal  dilator  muscle  and  runs 
very  close  to  the  posterior  wall  of  the  cardiac  region.  It 
is  inserted  on  the  antero-int'erior  pyloric  ossicle  in  the 
ventral  wall  of  the  pyloric  region.  Each  of  the  outer 
pair  ii.py.e.)  is  much  shorter  than  the  inner  pair.  Its 
origin    is    on    the    endopleurite    of    the    first    maxillary 
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segment.  From  this  the  muscle  passes  upwards  and  is 
inserted  on  the  ventral  pyloric  wall  on  the  outside  of  the 
insertion  of  the  inner  pair. 

The  following  muscles  dilate  the  oesophagus:  — 

Upper  Anterior  Oesophageal  Dilator  Muscles  (oe.as.) 
one  pair.  Each  of  these  muscles  arises  from  the 
epistoma  close  to  the  origin  of  the  upper  anterior  dilator 
muscle.  Passing  backwards  and  slightly  upwards  below 
the  latter  muscle,  it  is  inserted  on  the  anterior  wall  of  the 
oesophagus.  The  muscle  is  not-  compact,  but  is  made  up 
of  separate  strands  which  diverge  as  they  approach  their 
insertion. 

Lower  Anterior  Oesophageal  Dilator  Muscles  (oe.ai.). 
( )ne  pair  of  very  small  muscles.  Each  arises  from  a  small 
eminence  on  the  posterior  part  of  the  epistoma  near  the 
middle  line.  These  eminences  are  behind  the  origin  of 
the  previous  muscle.  The  muscle  passes  backwards  below 
the  previous  muscle,  and  its  insertion  on  the  anterior  wall 
of  the  oesophagus  is  immediately  below  that  of  the 
previous  muscle. 

Lateral  Oesophageal  Dilator  Muscles  (oe.2.)  -one  pair. 
Each  of  these  muscles  is  made  up  of  three  distinct  bands 
of  muscle  fibres.  Xear  its  origin  the  muscle  is  compact, 
but  the  fibres  diverge  as  they  approach  the  oesophagus. 
Each  muscle  arises  near  the  extreme  posterior  angle  of 
the  epistoma  and  passes  inwards  below  the  upper  muscle. 
Its  insertion  is  on  the  lateral  wall  of  the  oesophagus. 

Posterior  Oesophageal  Dilator  Muscles  (oe,p.) — one 
pair.  Ea(;h  muscle  arises  from  the  top  of  the  pillar-like 
portion  of  the  endopleurite  of  the  first  maxillary 
segment  and  passes  inwards  and  downwards.  It  runs 
external  to  the  inner  ventral  pyloric  dilator,  and  crossing 
over  that  muscle  it  is  inserted  on  the  posterior  wall  of  the 
oesophagus. 
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Intrinsic     muscles. 

Cardio-pyloric  Muscles  {c.[nj.)  These  consist  of  one 
median  and  two  lateral  muscles.  The  median  muscle 
extends  from  the  thickened  posterior  border  of  the  meso- 
cardiac  ossicle  to  the  upper  edge  of  the  propyl oric  ossicle. 
The  lateral  muscles  extend  from  the  mesocardiac  ossicle 
to  the  exopyloric  ossicle.  These  muscles  are  used  in 
connection  with  the  gastric  mill  and  are  concerned  in 
bringing  the  ossicles  of  the  mill  back  to  their  original 
position  after  each  series  of  complicated  movements 
effected  by  means  of  the  gastric  muscles. 

Lateral  Cardiac  Muscles  (cJat.) — ^three  pairs.  The 
three  muscles  at  each  side  may  be  distinguished  as  the 
upjfer,  middle  and  lower  muscles  respectively.  The 
upper  muscle  arises  from  the  upper  edge  of  the  infero- 
lateral  cardiac  ossicle  and  passes  upwards  and  forwards 
as  a  broad  sheet  of  muscle  to  the  dorsal  border  of  the 
zygocardiac  ossicle.  The  middle  muscle  also  arises  from 
the  upper  edge  of  the  infero-lateral  cardiac  ossicle  below 
the  origin  of  the  upper  muscle  and  passes  upwards  and 
forwar<l  piirallel  to  this  muscle.  It  is  inserted  ob  the 
jH'opcctineal  ossicle,  and  also  on  the  anterior  part  of  the 
dorsal  border  of  the  zygocardiac  ossicle.  This  muscle  is 
much  narrower  than  the  previous  one.  Both  sheets  of 
muscle  are  broader  at  their  insertion  than  at  their  origin. 
The  lower  fnuscle  is  a  short  broad  sheet  arising  from  the 
side  of  the  infero-lateral  cardiac  ossicle,  and  passing 
across  the  upper  portion  of  the  postero-lateral  cardiac 
plate.  Its  insertion  is  on  the  antero-superior  border  of 
this  plate.  According  to  Mocquard,  these  muscles  raise 
the  cardio-])yloric  valve. 

The  Postero-inferior  Cardiac  Muscle  fFig.  48,  c.i.). 
This   is   a    median   broad    sheet    of   muscle   covering    the 
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posterior  wall  of  the  cardiac  region  of  the  fore-gut.  It 
is  attached  at  each  side  to  the  posterior  border  of  the 
infero-lateral  cardiac  ossicle. 

Anterior  Cardiac  Muscle  (cant.).  This  is  a  median 
muscle  extending  as  a  broad  and  thin  sheet  down  the 
front  wall  of  the  fore-gut.  It  arises  in  the  median  line 
on  the  front  of  the  mesocardiac  ossicle  and  passes 
forwards.  As  it  passes  downwards  along  the  front  wall 
of  the  fore-gut  it  divides  into  two  main  branches,  which 
are  attached  separately  to  the  front  wall  of  the  fore-gut. 

The  above  muscle  must  not  be  confused  with  the 
muscle  of  the  same  name  described  by  Mocquard.  The 
latter  muscle  is  on  the  antero-lateral  wall.  I  therefore 
designate  it  the  Antero-lateral  Cardiac  Muscle  (c.aL), 
There  is  one  pair  of  these  muscles,  each  being  situated  on 
the  antero-lateral  wall  of  the  fore-gut  immediately  above 
the  oesophagus.  It  is  attached  to  the  anterior  border  of 
the  membranous  antero-lateral  cardiac  plate,  and  passes 
upwards  almost  to  the  median  line. 

The  above  two  sets  of  muscles  act  as  constrictors  of 
the  cardiac  portion  of  the  fore-gut. 

Circular  Oesophageal  Muscles  (c.oe.).  These  are 
present  as  a  broad  band  running  around  the  oesophagus 
and  acting  as  constrictors  of  the  oesophagus. 

Lateral  Pyloric  Muscles  (/>y.2a^.).  There  are  several 
pairs  of  muscles — some  broad  and  others  very  small — 
arising  at  each  side  from  the  upper  part  of  the  post- 
pectineal  ossicle  and  the  infero-lateral  cardiac  ossicle. 
They  pass  upwards  and  are  inserted  on  the  various 
ossicles  of  the  lateral  and  dorsal  walls  of  the  pyloric 
region  of  the  fore-gut.  These  muscles  serve  as  constrictors 
of  this  region  of  the  fore-gut. 
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The  Mechanism  of  the  Gastric  Mill. 

According  to  Huxley*  the  movement  of  the  gastric 
mill  is  effected  by  means  of  both  the  anterior  and  posterior 
gastric  muscles.  By  the  contraction  of  these  muscles  the 
urocardiac  tooth  is  thrown  forward,  and  simultaneously 
the  zygocardiac  teeth  are  rotated  inwards  and  the  three 
teeth  meet  in  the  middle  line. 

Mocquard  has  been  fortunate  enough  to  observe  the 
movements  in  a  living  Stenorhyncus  having  a  remarkably 
transparent  carapace.  He  states  that  the  active  move- 
ment is  brought  about  almost  solely  by  means  of  the 
anterior  gastric  muscles.  If  the  posterior  muscles  act  at 
all,  it  is  only  very  feebly  and  spasmodically.  When  the 
anterior  gastric  muscles  contract,  the  urocardiac  ossicle 
and  the  median  tooth  are  thrown  forward.  The  movement 
is  slightly  complicated  because  of  the  connection  between 
the  posterior  part  of  the  urocardiac  ossicle  and  the  lower 
part  of  the  prepyloric  ossicle.  When  in  a  state  of  rest 
the  lower  part  of  the  latter  ossicle  lies  considerably  behind 
its  upper  border.  As  a  result  of  the  contraction  of  the 
anterior  gastric  muscle  the  lower  part  is  drawn  forward  so 
that  the  ossicle  takes  up  a  vertical  position.  The  median 
urocardiac  tooth,  if  not  in  contact  with  the  prepyloric 
ossicle,  would  have  a  simple  backward  and  forward 
movement.  But  the  connection  between  the  two  ossicles 
causes  the  median  tooth  to  move  in  an  arc  the  convexity 
of  which  points  downwards. 

Since  the  anterior  gastric  muscles  are  inserted  on  the 
inner  ends  of  the  pterocardiac  ossicles,  the  latter  are  also 
drawn  forward  when  the  muscles  contract.  This  move- 
ment causes  the  outer  ends  of  the  ossicles  to  turn  down- 
wards and  inwards.     Because  of  the  connection  between 

*  Huxley,  T.  H.     T/wj  Crayfish.     [International  Science  Series.] 
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the  pterocardiac  and  the  zygocardiac  ossicles  the  anterior 
handle-like  portion  of  the  latter  are  also  drawn  down- 
wards and  inwards.  Posteriorly  the  zygocardiac  ossicles 
are  in  contact  with  the  exopyloric  ossicles,  which  in  their 
turn  articulate  with  the  pyloric  ossicle.  Therefore  if  we 
consider  the  zygocardiac  and  the  exopyloric  ossicles  as  a 
single  rod,  we  have  a  lever  of  the  second  order,  the 
fulcrum  being  at  the  anterior  end  and  the  weight  in  the 
region  of  the  zygocardiac  tooth.  Thus,  the  application 
of  the  force  at  the  anterior  end  rotates  the  tooth  down- 
wards and  inwards,  and  the  three  sets  of  teeth  meet  in  the 
middle  line.  When  the  muscles  relax  the  ossicles  spring 
back  into  their  original  position,  partly  because  of  the 
elasticity  of  their  joints,  but  mainly  by  means  of  the 
action  of  the  cardio-pyloric  muscles. 

THE    BLOOD    VASCULAR    SYSTEM 

(PI.  VII,  figs.  49,  50;  Pis.  VIII,  IX). 

Briefly  stated  the  scheme  of  circulation  is  as  follows. 
The  pure  blood  returning  from  the  gills  passes  into  the 
Pericardium  by  means  of  the  Branchio-cardiac  veins. 
From  the  Pericardium  the  blood  enters  the  heart  through 
the  ostia.  From  the  anterior  end  of  the  heart  there 
arise  five  arteries  carrying  the  blood  to  the  gonads,  diges- 
tive glands,  fore-gut,  and  the  front  part  of  the  body. 
From  the  posterior  region  of  the  heart  two  median 
arteries  arise  which  supply  the  abdomen  and  the  appen- 
dages. The  impure  blood  returning  from  the  system  does 
not  pass  to  the  gills  along  definite  vessels,  but  flows 
through  irregular  spaces  or  sinuses  between  the  various 
organs.  The  blood  from  the  sinuses  eventually  reaches 
the  gills  and  passes  along  the  Afferent  Branchial  Sinuses 
on  the  outside  of  the  gills.     The  blood  is  distributed  to 
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the  various  gill  lamellae  where  it  is  oxygenated.  The 
pure  blood  leaves  the  gills  by  the  Efferent  Branchial 
Veins,  running  along  the  inside  of  the  gills  and  which 
pass  into  the  Branchio-cardiac  veins. 

The  Pericardium  (PL  IX,  figs.  54,  56,  Per.)  is 
a  closed  cavity  surrounding  the  heart  and  having  thin 
transparent  walls.  It  is  situated  immediately  beneath 
the  cardiac  region  of  the  carapace,  and  between  the 
**  flancs."  It  lies  above  the  hind-gut  and  covers  the 
posterior  portions  of  the  digestive  gland  and  gonads. 
When  viewed  from  above  the  shape  of  the  pericardium 
is  roughly  pentagonal  (fig.  54).  The  base  of  the  pentagon 
is  anterior  and  the  apex  is  posterior. 

The  Branchio-cardiac  veins  (PI.  IX,  fig.  54,  5cl-5) 
enter  each  side  of  the  pericardium  by  means  of  three  wide 
openings  which  have  no  valves.  The  first  opening  is 
situated  at  the  anterior  corner  of  the  pericardium  and 
receives  the  first  and  second  branchio-cardiac  veins.  The 
second  opening  is  situated  a  little  behind  the  first  and 
receives  the  third  branchio-cardiac  vein.  The  third 
opening  is  situated  at  the  postero-lateral  corner,  and  at 
this  point  the  fourth  and  fifth  branchio-cardiac  veins 
enter  the  pericardium. 

The  Heart  (PL  VII,  figs.  49,  50)  is  a  white  semi- 
transparent  body,  pentagonal  in  shape  when  seen  dorsally 
and  having  a  rectangular  shape  when  viewed  from  the 
side.  Two  angles  of  the  pentagon  are  anterior  and  the 
other  three  are  posterior.  The  heart  is  suspended  in  the 
pericardium  by  means  of  the  alae  cordis  (fig.  49,  50, 
cd.l'G),  which  are  bands  of  fibrous  connective  tissue 
stretching  across  from  the  angles  of  the  heart  to  the  wall 
of  the  pericardium.  Each  ala  cordis  appears  to  have  a 
short  band  of  muscle  fibres  attached  to  its  outer 
extremitv. 
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The  alae  cordis  are  eleven  in  number  (fig.  49,  50). 

Dorsal  Antero-lateral  {cdX) — one  pair.  Stretching 
from  the  dorsal  side  of  each  of  the  antero-lateral  corners 
of  the  heart  to  the  corresponding  corner  of  the 
pericardium. 

Ventral  Antero-lateral  (cd.2) — one  pair.  Immediately 
beneath  the  dorsal  antero-lateral  band.  Extending  from 
the  ventral  side  of  each  of  the  antero-lateral  corners  of  the 
heart  to  the  corresponding  corner  of  the  pericardium. 

Dorsal  P osier o-lateral  (c^.3) — one  pair.  Extending 
from  the  dorsal  side  of  each  of  the  postero-lateral  angles 
of  the  heart  to  the  corresponding  angle  of  the  pericardium. 

Ventral  Postero-lateral  (cdA) — one  pair.  Having  a 
similar  position  to  the  dorsal  postero-lateral  band,*  but 
lying  immediately  beneath  it. 

Median  Posterior  (cd.o) — A  single  band  arising  from 
the  dorsal  side  of  the  posterior  angle  of  the  heart  and 
stretching  across  to  the  posterior  angle  of  the  pericardium. 

Posterior  {cd,Q) — one  pair.  Arising  ventrally  from 
the  postero-lateral  side  of  the  heart  and  crossing  to  the 
postero-lateral  side  of  the  pericardium. 

The  walls  of  the  heart  are  also  very  muscular,  and 
the  cavity  of  the  heart  is  crossed  by  numerous  strands  of 
muscle. 

The  blood  enters  the  heart  from  the  pericardium  by 
means  of  the  Ostia,  There  are  three  pairs  of  ostia — one 
pair  at  the  anterior  end  of  the.  dorsal  wall  of  the  heart 
(Figs.  49,  50.  a,ost.),  one  pair  at  the  posterior  end  of  the 
dorsal  wall  (p.ost.),  and  the  third  pair  are  found  in  the 
lateral  walls  of  the  heart— one  ostium  at  each  side  (Lost.), 
Each  ostium  is  valved  so  as  to  prevent  the  blood  from 
returning  to  the  pericardium. 
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The  Arteries.    (Pis.  VIII,  IX.) 

The  following  arteries  are  given  off  from  the  heart : 
At  the  anterior  end  (1)  the  median  Cep/uilic  artery ^  and  on 
each  side  of  this  is  (2)  a  Lateral  artery,  and  (3)  a  Hepatic 
artery,  all  passing  forwards.  At  the  posterior  end  there 
are  two  median  arteries  arising  about  the  same  point,  (4) 
the  Descending  artery  passing  downwards,  and  (5)  the 
Posterior  Aorta  passing  backwards  above  the  intestine. 

At  its  origin  from  the  heart  each  artery  is  valved,  so 
as  to  prevent  the  blood  from  returning. 

Cephalic  artery  [Ophthalmic  artery]  (PI.  VIII,  fig. 
51.  o.art,).  This  is  a  median  artery  arising  from  the 
anterior  end  of  the  heart.  From  its  origin  it  passes 
directly  forward  above  that  portion  of  the  gonads  situated 
between  the  internal  adductor  muscles  of  the  mandibles. 
It  pursues  a  straight  course  over  the  pyloric  and  cardiac 
regions  of  the  stomach  and  between  the  anterior  gastric 
muscles.  So  far  the  course  of  the  artery  has  been  entirely 
superficial,  but  near  the  anterior  end  of  the  cardiac 
fore-gut  it  dips  downward  and  divides  into  two 
branches  immediately  above  the  brain.  Each  branch 
passes  outward  and  supplies  the  eyes  and  also  the  various 
parts  of  the  front  region  of  the  head. 

Lateral  artery  [Antennary  artery]  (PI.  VIII,  Fig. 
51.  a.art.)  There  is  one  pair  of  lateral  arteries,  each  of 
which  arises  from  the  anterior  end  of  the  heart  a  little 
outside  of  the  origin  of  the  cephalic  artery.  On  leaving 
the  heart  the  lateral  artery  passes  outward,  making  an 
angle  of  about  40°  with  the  cephalic  artery.  Almost 
immediately  it  passes  through- the  outer  portion  of  the 
internal  adductor  muscle  of  the  mandible  (i.  a.  md.).  It 
then  curves  outward,  sweeping  around  the  stomach  until 
it  reaches  the  external  abductor  muscle  of  the  mandible 
(e,  b,  md,).     Here  it  divides  into  two  parts — (1)  an  outer 
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portion,  the  Ovarian  (pv.  a,)  [or  Spermatic]  artery,  which 
follows  the  course  of  the  gonads,  and  (2)  an  anterior 
portion,  the  Antennary  artery  (a.  art.),  which  passes 
around  the  front  of  the  fore-gut  and  supplies  the  organs 
in  the  region  of  the  head. 

The  main  portion  of  the  lateral  artery,  after  leaving 
the  heart,  dips  down  gradually  until  it  reaches  the 
external  abductor  muscle  of  the  mandible  (e.  a.  md.).  The 
antennary  artery  still  continues  to  pursue  a  deeper  course, 
but  the  ovarian  [or  spermatic]  arteiy  becomes  more  super- 
ficial. When  the  gonads  are  well  developed  the  main 
artery  and  the  gonadial  branch  are  partly  embedded  in 
the  substance  of  the  gonad,  but  when  the  reproductive 
organs  are  small  these  parts  of  the  artery  are  quite 
superficial. 

Branches  of  Main  Lateral  artery — 

Branch  to  the  Hind-gtU,  This  arises  on  the  inner 
side  of  the  artery  just  behind  the  internal  adductor 
muscle  of  the  mandible.  It  passes  downward  and  inward 
to  that  portion  of  the  hind-gut  beneath  the  front  part  of 
the  heart. 

Branch  to  the  Digestive  Gland,  This  is  a  large  branch 
arising  immediately  in  front  of  the  branch  to  the  hind- 
gut.  It  passes  outward  and  gives  off  numerous  branches 
to  the  digestive  gland  and  also  to  the  hypodermis  in  this 
region. 

Branch  to  the  Cardiac  Fore-gut.  In  front  of  the 
internal  adductor  muscle  of  the  mandible  a  large  branch 
is  given  off  on  the  inner  side.  It  passes  through  the 
substance  of  the  gonad  and  breaks  up  into  a  complicated 
network  on  the  lateral  and  dorsal  walls  of  the  cardiac 
fore-gut.  This  branch  supplies  the  muscles  of  the 
fore-gut. 

Branches  to  the  Hypodermis.     Throughout  the  whole 
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course  of  the  lateral  artery  and  its  branches  small  arteries 
are  given  off  which  supply  the  hypodermis. 

The  Ovarian  [or  Spermatic]  Branch  {ov,  a.).  This 
follows  the  course  of  the  gonads,  and  sweeps  round  near 
to  the  outer  edge  of  the  carapace.  Numerous  branches 
are  given  off  to  the  gonads  and  also  to  the  hypodermis. 

The  Antennary  Branch  (a,  art.).  This  passes 
airteriorly  and  dips  downward  as  it  sweeps  around  the 
fore-gut.  It  passes  over  the  paragastric  lobe  of  the 
bladder  and  divides  into  an  outer  and  an  inner  portion. 
The  outer  branch  dips  downward  and  outward  and  gives 
branches  to  the  external  adductor  muscle  of  the  mandible. 
It  then  passes  outward  to  the  hypodermis  and  supplies 
also  the  hepatic  lobe  of  the  bladder.  The  inner  branch 
passes  inward  and  supplies  the  antennae  and  the  front 
part  of  the  head.  It  also  sends  branches  to  the  anterior 
gastric  muscles  and  to  the  main  vesicle  and  the  para- 
gastric  and  oesophageal  lobes  of  the  bladder. 

Hepatic  artery  (PL  VIII,  fig.  51,  A.  aH.).  Owing  to 
the  fact  that  this  artery  dips  down  immediately  on  leaving 
the  heart,  and  becomes  deeply  embedded  in  the  digestive 
gland,  it  is  rather  difficult  to  locate.  Hence  several  workers 
at  the  Brachyura  have  neither  figured  nor  described  this 
artery,  and  some  have  described  other  arteries  as  the 
hepatic  artery.  Milne-Edwards,*  in  his  description  of 
Maia,  has  designated  as  the  hepatic  artery  those  branches 
of  the  sternal  artery  which  supply  the  digestive  gland. 
Brookst  has  called  the  lateral  (ophthalmic)  artery  by  the 
name  of  hepatic  artery. 

The  hepatic  artery  of  each  side  arises  from  thf 
ventral  side  of  the  anterior  region  of  the  heart,  its  origin 
being  beneath  and  slightly  external  to  that  of  the  lateral 

•  Milne -Edwards.     Hist.  Nat.  des  Crustac^s. 
t  Brooks.     Handbook  of  Invertebrate  Zoology. 


813 

artery.  Immediately  on  leaving  the  heart  it  dips  down- 
ward and  makes  an  outward  sweep  in  the  deeper  parts  of 
the  digestive  gland.  Near  its  origin  on  its  inner  side  it 
gives  off  a  branch  which  goes  to  the  hind-gut.  There  are 
also  other  small  branches  which  supply  various  parts  of 
the  gland.  The  main  artery,  however,  divides  into  two 
branches,  the  posterior  of  which  sweeps  outward  em- 
bedded in  the  posterior  part  of  the  digestive  gland.  The 
anterior  branch  passes  beneath  the  gonad  and  the 
external  adductor  muscle  of  the  mandible  and  supplies 
the  anterior  portion  of  the  gland. 

Posterior  aorta  (Superior  abdominal  artery)  (PI. 
YIII,  fig.  51,  PI.  IX,  fig.  53,  sa,  art,).  This  arises  as  a 
median  vessel  from  the  posterior  end  of  the  heart.  Just 
after  leaving  the  heart  it  gives  off  at  each  side  a  small 
vessel.  This  passes  forward  and  downward  beneath  the 
pericardium,  and  supplies  those  parts  of  the  reproductive 
organs  lying  beneath  the  pericardium,  and  also  some  of 
the  muscles  of  the  Basi-Ischium  of  the  Chela. 

Immediately  above  the  hind-gut  caecum  a  second 
pair  of  branches  arises.  These  are  the  Postaro-lataral 
arteries  (/>/.  art.),  and  have  several  complicated  branches. 
The  main  branch  passes  outwards  above  the  coils  of  the 
caecum  and  divides  into  two  vessels.  The  anterior  vessel 
passes  forward  and  gives  off  branches  to  the  extensor 
muscles  of  the  coxopodites  of  the  four  walking  legs.  The 
posterior  branch  supplies  the  muscles  extending  from  the 
**  flancs  "  to  the  carapace,  and  also  gives  a  rich  blood 
supply  to  the  coils  of  the  hind-gut  caecum. 

Behind  the  origin  of  the  postero-lateral  arteries  the 
posterior  aorta  enters  the  abdomen.  As  the  arrangement 
in  the  two  sexes  is  somewhat  different,  these  will  be 
described  separately. 

Female.       The  aorta  passes  down  the  abdomen 
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above  the  hind-gut,  but  not  in  the  median  line.  As  it 
passes  backward  it  gradually  crosses  over  to  the  right 
side.  In  each  of  the  second,  third,  fourth  and  fifth 
abdominal  segments  a  pair  of  arteries  is  given  off  to  the 
appendages.  At  the  posterior  end  of  the  fifth  segment 
the  aorta  divides  into  two  branches.  The  right  branch 
follows  the  course  of  the  aorta.  The  left  branch  crosses 
over  the  hind-gut  and  is  continued  down  the  left  side  of 
the  hind-gut  parallel  to  the  right  branch.  Both 
branches  pass  into  the  telson,  where  they  break  up  into 
fine  branches.  Throughout  the  abdomen  small  branches 
are  given  off  from  the  posterior  aorta  to  the  hind-gut,  to 
the  abdominal  muscles  and  the  muscles  of  the  abdominal 
appendages. 

Male.  There  are  only  two  pairs  of  arteries  given 
off  from  the  posterior  aorta.  These  are  in  the  first  and 
second  abdominal  segments  and  supply  the  two  pairs  of 
appendages.  As  the  aorta  passes  backward  it  crosses  over 
to  the  left  side,  and  in  the  fifth  segment  it  bifurcates,  the 
right  branch  crossing  over  the  hind-gut.  As  in  the 
female,  there  are  also  innumerable  small  arteries  given  off 
to  the  hind-gut  and  to  the  abdominal  muscles. 

Descending  artery^-  (PI.  IX,  tig.  56,  d,  art,).  This 
leaves  the  heart  at  the  posterior  end  close  to  the 
origin  of  the  posterior  aorta.  It  is  an  extremely 
wide  vessel  which  passes  almost  directly  downward 
on  the  right  side  of  the  hind-gut  until  it  nearly 
reaches  the  anterior  part  of  the  **  sella  turcica,'*  where  it 
turns  suddenly  forward.  It  continues  to  pass  downward 
and  forward,  and  between  the  muscles  of  the  fourth  and 
fifth  thoracic  appendages  it  passes  through  the  foramen 

•  The  term  steriial  artery  is  generaUy  given  to  this  artery,  as  weU 
as  to  its  continuation  along  the  ventral  side  of  the  thorax.  I  haye, 
however,  thought  it  more  fitting  to  apply  the  term  "  sternal  artery  " 
only  to  the  ventral  portion . 
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of  the  coalesced  thoracic  ganglia.  Immediately  beneath 
the  nerve  chain  the  artery  divides  into  a  short  and  broad 
posterior  branch  and  a  much  longer  and  narrower  anterior 
branch.  Both  these  branches  are  continuous  and 
horizontal,  and  are  known  together  as  the  sternal  artery. 

Sternal  artery  (PI.  IX,  fig.  52,  S,art.).  This  is  a 
large  and  well-defined  median  artery  lying  in  the  thorax 
below  the  nerve  cord  and  between  the  muscles  of  the 
thoracic  appendages.  It  is  broadest  at  its  posterior 
portion  just  behind  its  connection  with  the  descending 
artery  (Jul.).  In  front  of  this  connection  it  is  continued 
forward  as  a  much  narrower  vessel,  from  wKich  are  given 
off  arteries  to  each  of  the  post-oral  cephalo-thoracic 
appendages,  and  also  to  the  digestive  gland.  The  arteries 
supplying  these  appendages  arise  separately  from  the 
sternal  artery,  except  in  the  case  of  the  last  two  pairs  of 
thoracic  appendages.  The  arteries  supplying  these 
appendages  arise  as  a  single  vessel  at  each  side  of  the 
posterior  part  of  the  sternal  artery,  each  of  which  divides 
into  two  branches,  each  branch  going  to  an  appendage. 

The  blood  supply  of  the  last  five  pairs  of  thoracic 
appendages  is  very  similar,  and  the  artery  supplying  the 
chela  may  be  taken  as  typical  of  all.  This  artery  (ar^.G.) 
arises  singly  from  the  sternal  artery  and  passes  outwards. 
A  short  distance  from  its  origin  it  gives  off  a  large  ventral 
branch  which  supplies  the  muscles  of  the  coxopodite  and 
basi-ischium.  The  main  artery  passes  to  the  extreme  end 
of  the  appendage,  giving  off  various  small  branches  to  the 
various  muscles  of  the  limb. 

Kach  of  the  arteries  to  the  maxillipedes  (art,  5),  after 
giving  off  its  ventral  branch,  enters  the  appendage  and 
bifurcates,  one  branch  going  to  the  endopodite  and  the 
other  to  the  exopodite. 

The  arteries  supplying  the  first  and  second  maxilli- 
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pedes  {art.  3,  art.  4)  are  not  symmetrical.  The  origin  of 
the  artery  going  to  the  first  maxillipede  of  the  right  side 
is  posterior  to  that  of  the  left.  In  the  ease  of  the  second 
maxillipede  the  origin  of  the  artery  on  the  right  side  is 
anterior  to  that  of  the  artery  on  the  left. 

Just  in  front  of  the  branches  to  the  first  maxillipede 
the  sternal  artery  bifurcates,  each  part  passing  forward 
and  uniting  again  behind  the  mouth,  thus  forming  a  ring. 
From  this  ring  arteries  are  given  off  to  the  mandibles  and 
the  first  and  second  maxillae  (art.  1,  art.  2). 

Inferior  Abdominal  artery  (PI.  IX,  fig.  52,  in.aH.). 
The  posterior  part  of  the  broad  sternal  artery  is  continued 
as  a  narrow  vessel  which  runs  backwards  over  the  "  sella 
turcica  "  and  down  the  abdomen  beneath  the  nerve  cord 
and  the  hind-gut.  It  gives  off  a  few  small  branches  to  the 
hind-gut  and  to  the  flexor  muscles  of  the  abdomen. 

Blood  Sinuses  and  Veins.    (PI.  IX,  figs.  54,  55,  56.) 

The  blood  returning  from  the  various  parts  of  the 
body  to  the  gills  is  not  enclosed  in  definite  vessels,  but 
flows  through  irregular  spaces  known  as  sin  uses.  Generally 
speaking,  all  the  main  organs  of  the  body,  such  as  the 
alimentary  canal,  digestive  gland,  reproductive  organs, 
muscles,  &c.,  have  blood  sinuses  in  close  contact  with 
them. 

Above  the  cardiac  fore-gut  there  is  a  large  sinus  — 
the  Dorsal  sinus — which  is  situated  above  the  epigastric 
lobe  of  the  bladder.  There  is  also  a  smaller  sinus 
between  this  lobe  of  the  bladder  and  the  fore-gut.  These 
two  sinuses  are  connected  in  front. 

The  dorsal  sinus  passes  down  the  front  of  the  fore-gut 
and  is  connected  ventrally  with  a  sinus  which  passes 
backward  beneath  the  stomach.  At  the  level  of  the 
oesophagus  this  sinus  divides  into  a  right  and  left  portion. 
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These  Sternal  Binuses  pass  backward  at  each  side  of  the 
ventral  part  of  the  thorax  between  the  leg  muscles  and 
beneath  the  pericardium.  The  two  sternal  sinuses  are 
not  definitely  separated  from  one  another,  but  are 
connected  here  and  there  by  irregular  sinuses.  On  the 
outer  side  each  sternal  sinus  sends  offshoots  down  the 
pleural  muscle  chambers  to  the  base  of  the  gills  (fig.  56, 
hr.  S,  4).  These  branches  or  branchial  sinuses  again  unite 
into  a  long  sinus  which  runs  along  the  base  of  the  gills. 
This  is  the  infra- branchial  sinus  (fig.  55,  i,  s.).  The  blood 
sinuses  from  each  of  the  thoracic  legs  also  pass  into  the 
infra-branchial  sinus. 

From  the  infra-branchial  sinus  the  blood  passes  along 
the  afferent  branchial  sinuses  on  the  outside  of  each  gill. 

At  the  posterior  end  of  the  thorax  the  sternal  sinuses 
are  connected  with  a  small  abdominal  blood  sinus. 

The  sinuses  in  connection  with  the  digestive  gland — 
the  Hepatic  sinus — and  the  reproductive  organs — the 
Ovarian  [or  Spermatic]  sinus— open  into  the  sternal  sinus 
at  each  side.  There  is  a  very  large  sinus  below  the 
posterior  part  of  the  digestive  gland. 

The  Branchial  sinuses  (6r.  8.  1-6)  connect  the 
sternal  sinus  with  the  infra-branchial  sinus  at  each  side. 
They  are  five  in  number  at  each  side.  The  first  branchial 
sinus  (6r.  s.  1)  commences  below  the  anterior  end  of  the 
pericardium.  It  passes  down  the  pleural  muscle 
chamber  of  the  second  thoracic  segment  and  opens 
into  the  infra-branchial  sinus  near  its  anterior  end. 
Similarly  the  second  branchial  sinus  {hr,  s,  2)  passes 
down  the  third  thoracic  pleural  muscle  chamber,  the 
third  sinus  (br.  s.  8)  is  in  the  fourth  pleural  chamber,  the 
fourth  sinus  (br.  s.  4)  is  in  the  fifth  pleural  chamber,  and 
the  last  branchial  sinus  (br.  s.  5),  which  commences  below 
the  posterior  end  of  the  pericardium,   passes  down  the 
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pleural  muscle  chamber  of  the  sixth  thoracic  segment. 
All  the  pleural  sinuses  are  below  the  branchio-cardiac 
veins,  which  also  run  down  the  pleural  muscle  chambers. 

The  Infra-branchial  sinus  (fig.  55,  i. «.)  is  a  long 
sinus  which  runs  along  each  side  of  the  thorax  at  the 
base  of  the  thoracic  legs  and  the  gills.  Posteriorly  it 
extends  as  far  as  the  last  walking  leg,  and  anteriorly 
almost  as  far  as  the  metastoma.  Into  it  flow  the  five 
branchial  sinuses  from  above,  and  from  its  outer  and  ventral 
side  there  enters  a  narrow  sinus  from  each  of  the  thoracic 
appendages.  From  its  outer  and  dorsal  side  there  is 
given  off  an  afferent  branchial  sinus  to  each  of  the  gills. 

Afferent  Branchial  sinuses  (fig.  55).  These  sinuses 
run  along  the  outer  side  of  each  gill. 

First  afferent  branchial  sinus  {af .  1)  goes  to  the  podo- 
branch  of  the  second  thoracic  somite. 

Second  afferent  branchial  sinus  (af.  2)  goes  to  the 
arthrobrauch  of  the  second  thoracic  somite. 

Third  afferent  branchial  sinus  (af,  3)  goes  to  the  small 
podobranch  of  the  third  thoracic  somite. 

Fourth  afferent  bra7whial  sinus  (af.  4)  goes  to  the 
anterior  arthrobrauch  of  the  third  thoracic  somite. 

Fifth  afferent  branchial  sinus  (af.  5)  goes  to  the 
posterior  arthrobranch  of  the  third  thoracic  somite. 

Sixth  afferent  branchial  sinus  (af.  G)  goes  to  the 
anterior  arthrobranch  of  the  fourth  thoracic  somite. 

Seventh  afferent  branchial  sinus  (af.  7)  goes  to  the 
posterior  arthrobranch  of  the  fourth  thoracic  somite. 

Eighth  afferent  branchial  sinus  (af.  8)  goes  to  the 
pleurobranch  of  the  fifth  thoracic  somite. 

Ninth  afferent  branchial  sinus  {af,  9)  goes  to  the 
pleurobranch  of  the  sixth  thoracic  somite. 

The  Efferent  Branchial  veins  (fig.  54)  receive  the 
pure  blood  from  the  branchial  lamellae.     They  pass  down 
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the  inside  of  each  gill.  Each  efferent  branchial  vein  is  a 
blood  vessel  having  a  definite  wall. 

There  are  nine  efferent  branchial  veins  {ef.  1-9) 
corresponding  to  the  nine  afferent  branchial  sinuses — one 
for  each  gill. 

The  Branchio-cardiac  veins  (tig.  54)  convey  the  pure 
blood  from  the  efferent  branchial  veins  to  the  peri- 
cardium. There  are  five  branchio-cardiac  veins  at  each 
side.     They  have  definite  walls. 

First  Branchio'Cardiuc  vein  (be.  1)  receives  the  first 
and  second  efferent  branchial  veins.  It  passes  up  the 
outer  side  of  the  pleural  muscle  chamber  of  the  second 
thoracic  segment,  above  the  first  pleural  sinus. 

Second  nranchiO'Cardiac  vein  (be.  2)  receives  the  third, 
fourth  and  fifth  efferent  branchial  veins.  It  passes  up  the 
outer  side  of  the  third  thoracic  pleural  muscle  chamber. 
The  first  and  second  branchio-cardiac  veins  enter  the 
pericardium  together  through  the  first  opening  (see  section 
on  Pericardium). 

Third  Branchio-cardiac  vein  (be.  3)  receives  the  sixth 
and  seventh  efferent  branchial  veins.  It  passes  up  the 
fourth  thoracic  pleural  muscle  chamber.  It  enters  the 
pericardium  by  means  of  the  second  pericardial  opening. 

Fourth  Branchio-cardiac  vein  (be.  4)  receives  the 
eighth  efferent  branchial  vein,  and  passes  up  the  fifth 
pleural  muscle  chamber. 

Fifth  Branchio-cardiac;  vein  (be.  5)  receives  the  ninth 
efferent  branchial  vein  and  passes  up  the  sixth  pleural 
muscle  chamber.  The  fourth  and  fifth  branchio-cardiac 
veins  enter  the  pericardium  through  the  third  pericardial 
opening. 

There  are  no  valves  between  the  branchio-cardiac 
veins  and  the  pericardium 
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The    Blood. 

The  blood  is  an  almost  transparent  fluid  having  a 
slight  pinkish-blue  tint  (due  to  the  presence  of  haemo- 
cyanin).  The  colour  deepens  on  exposure  to  air.  The 
blood  consists  of  an  almost  colourless  lymph  in  which  are 
found  numerous  small  cells  or  amoehocytes.  There  are  two 
principal  kinds  of  amoebocytes  : — (1)  Semi-transparent 
cells,  which  are  amoeboid  and  have  finely  granular  proto- 
plasm. There  is  a  well-defined  nucleus.  (2)  Globular 
cells  containing  refringent  granules.  As  pointed  out  by 
Cuenot,*  these  granules  are  similar  to  the  eosinophilous 
granules  recognised  by  Ehrlich  in  the  leucocytes  of 
various  vertebrates.  Hence  Cuenot  designates  the  second 
kind  the  Eosinophilous  amoehocytes,^  They  are  composed 
of  an  albuminous  material. 

In  the  neighbourhood  of  the  cephalic  artery,  above 
the  fore-gut,  is  a  cellular  mass  which,  according  to 
Cuenot,  is  a  lymphatic  gland  in  which  the  amoebocytes 
are  formed. 

Cuenot  has  recognised  five  kinds  of  amoebocytes  in 
the  blood,  which  are  all  stages  in  the  transformation  of 
the  clear  amoebocytes  mentioned  above.  The  eosino- 
philous amoebocytes  are  also  formed  from  the  clear 
amoebocytes,  and  mark  a  stage  in  the  degeneration  of  the 
cell.  The  eosinophilous  granules  present  in  the  amoebo- 
cyte  are  small  and  few  in  number  at  first.  They  become 
comparatively  large  in  size  and  very  numerous  until  the 
entire  cell  is  tilled  with  a  solid  mass.  The  cell  then 
degenerates  rapidly  and  finally  disappears.     The  granules 

*  Cannot,  L.  *'  £tudes  physiologiques  sor  les  Crustacea  D^ca- 
podeB."    Archives  de  Biologie,  T.  XIII,  1895,  p.  246. 

t  The  granules  readily  take  the  following  stains : — Picric  acid, 
cosin,  indigo-carmine,  fuchsine  acid  and  *'  orange  G.'*  They  remain 
abKolutely  colourless  under  the  following  stains: — Methyl  green, 
dahlia,  crystal  violet,  methylene  blue  and  safranin.     (Cu£not). 
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are  probably  dissolved  in  the  lymph.  The  cells  them- 
selves are  eaten  by  the  young  clear  amoebocytes,  which 
thus  act  as  ph<igocytes.  The  phagocytic  function  is 
limited  to  the  young  cells  only.  After  the  appearance 
of  the  eosinophilous  granules  they  cease  to  act  as 
phagocytes. 

Cuenot*  claims  also  to  have  discovered  a  phagocytic 
gland  which  is  quite  distinct  from  the  lymphatic  gland. 
It  is  a  swollen  mass  of  cells  situated  on  the  terminal 
branches  of  the  hepatic  artery.  The  cells  resemble  the 
free  amoebocytes  and  probably  act  as  phagocytes. 

When  the  blood  ceases  to  flow,  coagulation  takes 
place.  This  is  effected  by  the  clear  amoebocytes.  These 
cells  become  changed  in  their  appearance,  and  they  send 
out  numerous  fine  pseudopodia  which  unite  with  those  of 
the  neighbouring  cells  to  form  a  network,  in  which  all 
the  cells  are  united  together.     Thus  a  clot  is  formed. 

The     ^'Pericardial      Pouch." 

At  each  of  the  postero-lateral  corners  of  the  peri- 
cardium there  is  i\  structure  which  Cuenott  designated 
the  **  poche  pericardiale.''  In  Cancer  each  pouch  lies  on 
the  upper  part  of  the  posterior  thoracic  epimera  and  pro- 
jects into  Ihe  branchial  chamber.  Externally,  each  pouch 
is  covered  with  a  cuticle  which  is  continuous  with  the 
chitinous  wall  of  the  bmnchial  chamber.  The  cavity  of 
the  pouch,  which  is  continuous  with  the  pericardial  sinus, 
is  to  some  extent  broken  up  by  connective  tissue  cells 
and  by  muscle  fil)res.  The  function  of  these  pouches  is 
unknown. 

•  Cuenot,  L.     Coviptes  Rendiis,  1003  (No.  137),  p.  G19. 

t  Cuenot,    L.       "  ttudes     physiolonfiqiies     sur     lea     Crustac^ 
Decapodes.**    Archives  de  Biologie,  t.  XIII  (1895). 


8*23 


RESPIEATORY    SYSTEM. 
(PI.  X,  figs.  (>:],  ()4;  PI.  XI,  figs.  (>5,  6(J,  67). 

ItESFlRATORY    MECHANISM. 

Respiration  is  effected  by  means  of  gills  or  branchiae, 
which  are  outgrowths  from  the  walls  of  the  thorax.  The 
gills  do  not  project  directly  on  to  the  exterior,  but  are 
situated  in  the  branchial  chambers  at  each  side  of  the 
cephalothorax. 

The  branchial  chamber  s — one  pair.  The 
cavity  of  each  chamber  is  morphologically  a  part  of  the 
exterior,  and  its  walls  are  formed  by  the  downgrowth  of 
tlie  carapace  at  each  side.  The  sub-branchial  region  of 
the  carapace  is  closely  applied  to  the  coxopodites  of  the 
pereiopods,  and  here  turns  inward  to  form  the  wall  of  the 
branchial  chamber.  In  transverse  section  the  chamber 
has  a  triangular  shape  (PI.  IX,  fig.  5(5),  and  its  walls  may 
be  spoken  of  as  ventral,  dorso-lateral  and  inner.  The 
two  former  are  membranous  and  are  continuations  of  the 
inturned  edge  of  the  sub-branchial  region. 

The  postero-lateral  portion  of  the  digestive  gland 
rests  upon  the  roof  of  the  branchial  chamber.  Between 
the  fioor  of  the  chamber  and  the  sub-branchial  region  of 
the  carapace  there  is  a  mass  of  connective  tissue.  In  the 
anterior  region  of  the  chamber  the  floor  is  raised  into  a 
well  defined  transverse  ridge.  In  a  full-sized  crab  this 
groove  is  about  ^  inch  in  front  of  the  anterior  inhalent 
aperture.  In  sections  through  this  ridge  the  epidermis  is 
greatly  elongated  and  has  a  glandular  structure.  There 
are  also  tegumentary  glands  below  the  epidermis.  The 
podobranch  of  the  second  thoracic  somite  is  closely 
applied  to  the  posterior  side  of  this  ridge.  For  the  sake 
of  convenience  I  designate  the  latter  the  branchial  ridge. 
Its  probable  function  will  be  discussed  below. 
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The  inner  wall  is  well  calcified,  and  is  formed  by  the 
thoracic  epimera  ("  flancs  ").  The  gills  rest  on  the  inner 
wall. 

The  development  of  the  branchial  chambers  would 
tend  to  produce  a  stagnant  layer  of  water  around  the 
respiratory  organs.  But  the  nature  of  their  function 
requires  that  the  gills  should  be  in  contact  with  water 
containing  a  normal  amount  of  dissolved  oxygen.  So 
that,  correlated  with  the  formation  of  the  branchial 
chamber,  an  arrangement  has  been  effected  for  producing 
a  constant  stream  of  water  over  the  gills.  This  necessi- 
tates two  things  — (1)  inhalent  and  exhalent  openings  in 
connection  with  each  branchial  chamber,  and  (2)  some 
mechanism  for  producing  the  current  of  water  through 
the  chambers. 

In  the  Macrura  the  inhalent  opening  is  situated 
between  the  inner  edge  of  the  branch iostegite  and  the 
base  of  the  thorax.  In  Cancer,  however,  this  opening  is 
considerably  smaller.  Between  the  chela  and  the  last 
pereiopod  the  sub-branchial  region  is  closely  applied  to 
the  base  of  the  thorax,  and  the  line  of  separation  between 
the  two  is  guarded  by  a  thi(*k  growth  of  long  setae,  so 
that  it  is  highly  improbable  that  any  water  can  gain 
entrance  to  the  branchial  chamber  in  this  region.  Above 
the  last  walking  leg,  however,  there  is  a  small  slit  opening 
into  the  posterior  region  of  the  branchial  cavity.  This 
is  the  posterior  inhalent  aperture.  In  front  of  the 
coxopodite  of  the  chela  there  is  a  well-defined  transverse 
opening  leading  into  the  anterior  part  of  the  branchial 
cavity.  This  is  the  anterior  inhalent  aperture.  The 
latter  is  guarded  in  front  by  the  coxa  and  flabellum  of  the 
third  maxillipede,  which,  on  their  posterior  borders,  are 
clothed  with  long  setae.  There  are  also  numerous  setae 
on  the  anterior  face  of  the  coxopodite  of  the  chela.     These 
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two  sets  of  setae  probably  strain  the  water  as  it  passes 
through  to  the  branchial  chamber. 

At  its  anterior  end  the  branchial  chamber  is 
extremely  shallow  on  account  of  the  roof  sloping  down  at 
a  considerable  angle.  Above  the  branchial  ridge,  already 
referred  to,  there  is  an  extremely  narrow  cavity  between 
the  top  of  the  ridge  and  the  roof  of  the  chamber.  This 
cavity  is  continued  forward  and  inward  into  the  pre- 
branchial  chamber. 

r  re-branchial  chambers.  One  pair. 
They  are  situated  at  the  side  of  the  mouth,  each  being  in 
front  of  and  connected  with  the  branchial  chamber  of  the 
same  side.  Each  chamber  is  produced  by  the  ingrowth  of 
the  inner  edge  of  the  anterior  part  of  the  sub-branchial 
region  of  the  carapace.  Its  walls,  therefore,  are  con- 
tinuous with  those  of  the  branchial  chamber.  The  pre- 
branchial  chamber  is  much  smaller  and  shallower  than  the 
branchial  chamber.  On  its  anterior  and  inner  side  it  is 
connected  with  the  exterior  by  means  of  a  wide  opening — 
the  exhalent  aperture. 

The  current  through  the  branchial  and  pre-branchial 
chambers  is  caused  by  the  vigorous  action  of  the  scapho- 
gnathite.  The  latter  lies  in  the  pre-branchial  chamber, 
and  when  at  rest  the  anterior  surface  faces  upward. 
Normally  the  scaphognathite  displays  the  following 
movements  : — The  action  of  the  extensor  muscles  tends  to 
pull  the  ventral  surface  backward.  This  is  followed  by  a 
sharp  forward  blow  of  the  outer  lobe  of  the  scapho- 
gnathite, caused  by  the  action  of  the  outer  flexors.  This 
is  immediately  followed  by  an  undulating  movement  of 
the  inner  lobe,  caused  by  the  accessory  muscles  and  inner 
flexors.  In  this  way  the  water  is  baled  out  of  the  exhalent 
aperture.  This  current  from  behind  forward  is  probably 
assisted  by  the  energetic  action  of  the  exopoditic  flagella 
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of  the  maxillipcdes.  The  extremely  active  mutiou  of 
these  flagella  is  quite  obvious,  and  they  probably 
form  an  accessory  current-producing  organ  of  no  mean 
importance. 

The  normal  current,  as  we  have  seen,  flows  from 
behind  forwards,  entering  at  the  inhalent  apertures  and 
leaving  by  means  of  the  exhalent  aperture.  In  Corystes, 
Atelecyclas  and  Portumnus,  Garstang*  obsei^ved  that  the 
brancliial  current  was  sometimes  reversed.  Bohnt  has 
extended  these  observations,  and  finds  this  phenomenon  is 
of  universal  occurrence  throughout  the  Brachyura.  In 
Cancer  the  habit  of  reversing  the  branchial  current  does 
not  appear  to  be  very  strongly  developed.  Bohn  suggests 
that  the  reversal  takes  place  in  order  to  rest  the  fatigued 
muscles  of  the  scaphognathite,  as  the  energetic  action  is 
performed  by  different  muscles  in  the  two  cases. 

The  fiabella  (epipodites)  of  the  maxillipedes  pass 
backward  into  the  branchial  chamber.  That  of  the  first 
maxillipede  (/•'«. V)  is  by  far  the  largest,  and  extends 
backward  throughout  the  whole  length  of  the  branchial 
chamber  lying  upon  the  gills.  The  flabellum  of  the 
second  maxillipede  (f-ni.'^)  lies  below  the  gills  towards  the 
dorsal  side  of  the  epimera.  It  only  extends  as  far  forward 
as  the  middle  of  the  epimeron  of  the  fourth  thoracic 
somite.  The  flabellum  of  the  third  maxillipede  (/.m.^) 
also  lies  below  the  gills  and  on  the  ventral  and  outer  side 
of  the  second  flabellum.  Its  proximal  portion  forms  part 
of  the  anterior  boundary  of  the  anterior  inhalent  aperture. 
It  extends  backward  to  the  posterior  end  of  the  epimeron 

•  Garstang.  *'  The  Habits  and  Respiratory  Mechanism  of  CorysU* 
cassivelaunua.**'^ Journal  Marine  Biological  AssoctaUon,  Vol  IV 
/N.S.),  p.  223. 

*»The  Respiratory  Phenomena  of  PoWtimnuj  noAtt/uA.**  Journal 
Maritie  Biological  Association,  Vol.  IV   (N.S.),  p.  402. 

t  Bohn,  G.     "  Sur  la  Respiration  des  D^apodes.*'     Bull,  Sci 
France  et  Belg,    T.  XXXVI  (Ser.  6),  1902,  p.  178. 
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of  the  fifth  thoracic  somite.     All  three  flabella  are  richly 
clothed  with  long  setae. 

In  the  living  animal  the  flabella  have  a  slow  motion 
over  the  surface  of  the  gills.  Their  main  function  is, 
undoubtedly,  to  keep  the  surface  of  the  gills  free  from 
sand  and  mud  which  may  be  suspended  in  the  water 
carried  into  the  branchial  chamber.  In  a  crab  from  Port 
Krin  the  flabellum  of  the  first  maxillipede  of  the  right 
side  had  been  destroyed.  In  consequence  of  this  the 
outer  surface  of  the  gills  of  the  right  side  was  covered 
with  a  layer  of  fine  mud,  which  must  have  rendered  the 
outer  portions  of  the  gills  inoperative.  It  is  doubtful 
whether  the  flabella  have  any  function  with  regard  to  the 
formation  or  regulation  of  the  current  of  water  over  tEe 
gills.  At  any  rate,  this  function,  if  present,  has  not  the 
importance  ascribed  to  it  by  Claus.* 

The  description  of  the  respiratory  mechanism  of  the 
IJrachyura  given  by  Milne-Edwards  has  become  almost 
classic,  and  has  been  accepted  by  most  workers  on  the 
subject.  According  to  this  explanation,  the  water  enters 
the  branchial  chamber  at  one  place,  viz.,  in  front  of  the 
coxopodite  of  the  chela.  On  entering  the  branchial 
chamber  the  current  passes  backward  below  the  gills  and 
then  forward  above  the  gills  and  out  to  the  exterior 
through  the  pre-branchial  passage. 

This  explanation  has  been  disputed  by  Bohn,t  who 
states  that  the  water  enters  the  branchial  chamber 
throughout  the  entire  length  of  the  inner  edge  of  the 
sub-branchial  region,  the  entrance  being  especially 
marked  at  the  anterior  and  posterior  inhalent  apertures 
(*'  I'orifice  inspirateur  anterieur  et  posterieur,"  Bohn). 
According  to  Bohn,  the  water  entering  by  the  anterior 

*  Claus.     Arhtit.  Zool.  Ivstit.  m'c»,  Bd.  VI.,  Hft.  1. 
t  Bohn.     Oj).  cit» 
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inhaleut  aperture  does  not  pass  biickward  but  passes 
directly  forward  to  the  pre-branchial  chamber,  and  only 
bathes  the  anterior  part  of  the  sixth  gill  and  all  the  gills 
in  front  of  this.  The  posterior  gills  are  supplied  by  water 
entering  the  posterior  inhalent  aperture.  He  denies  that 
there  is  a  backward  current  caused  by  the  flabella. 

My  own  obseiTations  on  these  points  are  as  follows : 
— There  are  two  inhalent  apertures — the  anterior  and 
posterior.  Between  these  two  apei-tures  the  inner  border 
of  the  sub-branchial  region  is  closely  applied  to  the  side 
of  the  thorax,  and  there  appears  to  be  absolutely  no  inflow 
of  water  along  this  border.  Of  the  two  inhalent 
apertures,  the  anterior  is  decidedly  the  most  important. 
The  current  of  water  flowing  in  through  the  posterior 
aperture  is  very  small.  I  think  it  extremely  probable 
that  some  of  the  water  drawn  in  at  the  anterior  inhalent 
aperture  passes  backward,  but  I  do  not  accept  the 
explanation  of  Claus — that  the  backward  current  is  caused 
by  the  flabelhi  of  the  nuvxillipedes.  The  presence  of  the 
well-defined  branchial  ridge  (see  above)  in  the  anterior 
part  of  the  branchial  cavity  has  suggested  another 
explanation.  The  ridge  is  situated  on  the  floor  of  the 
branchial  chamber  immediately  in  front  of  the  anterior 
inhalent  aperture.  It  arises  near  the  inner  side  of  the 
chamber,  and  passes  in  front  of  the  aperture  as  a 
transverse  wall.  On  the  outer  side  of  the  aperture  it  turns 
backward  and  outward,  and  after  extending  half  way 
down  the  branchial  chamber,  it  gradually  dies  away. 
At  its  anterior  end  the  branchial  chamber  is  exceedingly 
shallow,  so  that  the  ridge  almost  extends  to  the  roof  of 
the  chamber,  leaving  only  a  narrow  slit  which  communi- 
cates with  the  pre-branchial  cavity.  As  the  water  flows 
in  through  the  anterior  inhalent  aperture,  it  will  be  drawn 
forward  by  the  vigorous  action  of  the  scaphognathite. 
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Tlie  brinicliLiil  ndgi',  liowevev,  will  act  as  ;t  formidalik' 
lnuTiff,  ami  altbougli  some  of  the  water  will  undoubtedly 
pass  directly  over  into  tlie  pre-brancliial  chamber,  it  is 
reasonable  to  suppose  that  some  of  it  will  have  its  course 
fhangod  by  the  branehiiil  ridge  and  will  paa.s  backward, 
followiup  the  direction  of  the  latter. 

The  Gills  (Figs.  03,  64). 

The  giUa  arise  from  eai-h  side  of  the  thorax  and  lie 
upon  the  inner  wall  of  eath  branchial  ehaml>er,  i.e.,  on 
the  thoracic  epimera.  According  to  the  terminology 
introduced  by  Huxley,  the  gills  may  be  placed  in  three 
categories  -the  podobranch  arising  from  an  appendage, 
the  /irt/inihriiiirk  arising  between  an  appendage  and  the 
epimeron,  and  the  p/eiirobraiick  arising  from  the  epimerou. 

In  Cancer  there  are  only  nine  gills  at  each  side.  The 
fulliiwing  is  the  branchial  formula. 
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First  jill.  Podobranch  of  the  second  thoracic  uumite 
(tigs.  (!■"(,  Ij4,  (/.  1).  It  arises  from  the  coxopodite  of  the 
second  maxillipede  between  the  exopoditeand  the  flabellum. 
It  lies  with  its  imter  face  in  contact  with  the  posterior 
side  of  the  branchial  groot-e,  and  its  inner  face  is  closely 
applied  to  the  basal  portions  of  the  gills  2  to  0,  Its  apex 
points  backward  and  outward.     Length  22  mm.* 

Second  gill.  Arthrobrauch  of  the  second  thoracic 
somite  (f/.  2).     Arises  from  the  arthrodial  membrane  of 
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the  secoud  luaxillipede.  It  passes  directly  backward  and 
lies  upon  the  fused  epimera  of  the  first  and  second 
thoracic  somites.  Its  long  axis  is  at  right  angles  to  that 
of  the  first  gill.     Length  25  mm. 

Third  Jill.  Podobianch  of  the  third  thoracic  somite 
((/.  'J).  Arises  from  the  elongated  coxopodite  of  the  third 
maxillipede.  It  is  extremely  short  and  is  wedged  in 
between  the  first  and  fifth  gills,  at  the  base  of  the  latter. 
Length  7  mm. 

Fourth  gill.  Anterior  arthrobranch  of  the  third 
thoracic  somite  ({/.  4).  Arises,  together  with  the  fifth 
gill,  from  the  arthrodial  membrane  of  this  somite.  It 
lies  on  the  thoracic  epimera,  immediately  behind  the 
second  gill.     Length  21)  mm. 

Fifth  gill.  Posterior  arthrobranch  of  the  third 
thoracic  somite  {(/.  5).  Arises  from  the  same  place  as  the 
fourth  gill,  and  lies  immediately  behind  the  latter.  Its 
base  is  notched  in  order  to  receive  the  third  gill.  Length 
25  mm. 

Sixth  gill.  Anterior  arthrobranch  of  the  fourth 
thoracic  somite  (g.  (i).  Arises  together  with  the  seventh 
gill  from  the  artbrodial  membrane  between  the  chela  and 
the  fourth  thoracic  somite.  It  lies  behind  the  fifth  gill. 
Total  length  -JT  mm. 

Seventh  gill.  Posterior  arthrobranch  of  the  fourth 
thoracic  somite  (//.  7).  Arises  from  the  same  place  as  the 
sixth  gill  and  lies  immediately  behind  it.  Total  length 
'M  mm. 

Eighth  gill.  Pleurobranch  of  the  fifth  thoracic 
somite  (</.  8).  Arises  from  the  epimeron  of  this  somite. 
Total  length  28  mm. 

Ninth  gill.  Pleurobranch  of  the  sixth  thoracic 
somite  (<7.  9).  Arises  from  the  epimeron  of  this  somite, 
upon  which  it  lies,  immediately  behind  the  eighth  gill. 
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Structure    of    a    gill    (tigs.    05,   Gli,   07). 

Kacli  gill  is  uf  the  phyllo-braucliiate  type.  AVith  the 
exception  of  the  third  gill,  they  are  all  pyramidal  iu 
shape,  their  apices  pointing  upward  (with  the  exception  of 
the  first  gill,  in  which  the  apex  points  backward).  Along 
the  outer  side  of  each  gill  runs  the  afferent  branchial 
vessel,  and  the  efferent  vessel  is  situated  on  the  inner  side. 
The  gill  is  composed  of  numerous  lamellae,  which  have 
the  ai)pearance  of  the  leaves  of  a  book.  Each  lamella  is 
covered  with  a  thin  layer  of  chitin.  This  layer  is  also 
continued  on  the  outside  of  the  afferent  and  eft'erent 
vessels.  The  gills,  therefore,  are  covered  by  part  of  the 
general  chitinous  exoskeleton,  and  at  ecdysis  this  outer 
chitinous  layer  is  cast  with  the  remainder  of  the 
exoskeleton.  In  transverse  secticm  each  gill  is  triangular 
(tig.  ()5).  The  efferent  vessel  is  situated  at  the  apex  of 
the  triangle,  and  the  aff'erent  vessel  lies  in  the  middle  of 
the  base  of  the  triangle.  Stretching  across  from  the 
afferent  to  the  efferent  vessels  is  the  branchial  septum 
{f\h.s,)y  which  separates  the  anterior  from  the  posterior 
lamellae. 

In  the  branvhial  septum  between  the  afferent  and 
efferent  vessels  transverse  sections  reveal  the  presence  of 
scattered  cells,  generally  having  brown  contents  (fig.  07, 
hr.  e.).  These  are  excretory  cells,  and  together  constitute 
the  branchial  excretory  organ  (see  section  on  Excretory 
System).  Cuenot*  found  that  when  a  crab  is  injected 
with  ammonium  carminate  or  methylene  green  these 
substances  are  taken  up  by  the  excretory  cells  of  the 
branchial  septum.  These  cells,  therefore,  have  the  same 
reaction  as  the  end-sac  epithelium. 

I  have  not  been  able  to  find  any  trace  of  the  branchial 
glands  discovered  by  Allent  in  Palaemouetes.      Cuenot, 

•  Cu<^uot.    Arch,  de  Biol.,  T.  Xlll,  p.  246. 
t  Allen.    Q.J.M.S.,  Vol.  XXXIV,  p.  76. 
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however,  has  found  them  dose  to  the  efferent  vessels  in 
several  of  tlie  Bracyhura.  They  do  not  appear  to  be 
present  in  Cancer. 

In  longitudinal  sections  through  the  gill  (fig.  06) 
the  lamellae  are  seen  to  be  lined  by  epidermal  cells 
{ch,  ej).).  There  is  a  narrow  cavity  containing  blood 
separating  the  upper  and  lower  layer  of  cells.  This 
cavity,  or  lamellar  sinus  (l.s,)  is  bridged  over  in  certain 
parts  by  the  junction  of  the  two  layers  of  epidermal  cells. 
At  the  free  edge  of  each  lamella  the  lamellar  sinus  is 
continuous  with  the  larger  outer  lamellar  sinus  {o.l.s.). 
This  runs  around  the  edge  of  the  lamella,  and  the 
epidermal  cells  in  this  region  are  extremely  flattened. 
Each  lamellar  sinus  is  in  contact  with  the  afferent 
branchial  vessel  on  the  outer  side,  and  the  efferent 
branchial  vessel  on  the  inner  side.  It  is  in  the  lamellae 
that  the  aeration  of  the  blood  is  effected. 

Dorso-ventral    muscles    (PI.  YllI,  lig.  51, 

PL  IX,  fig.  5(1,  d.  i\  m.). 

Extending  upward  from  the  membranous  roof  of  the 
branchial  chamber  to  the  carapace,  is  a  series  of  muscles 
which  may  be  termed  the  dor  so-ventral  muscles.  The 
arrangement  of  these  muscles  will  not  be  described  in 
detail.  There  are  three  sets  of  muscles  at  each  side  (sec 
fig.  51).  The  outer  and  middle  series  are  arranged  in  two 
parallel  lines  running  antero-posteriorly.  The  inner  set 
is  small,  and  is  situated  above  the  inner  region  of  the 
branchial  chamber.  The  roof  of  the  chamber  is  consider- 
ably lower  at  the  anterior  end  than  in  the  posterior  region, 
so  that  the  anterior  muscles  are  consequently  longer  than 
the  posterior  muscles. 

Since  the  roof  of  the  branchial  chamber  is  soft  and 
membranous,  it  is  capable  of  considerable  movement.  The 
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contraction  of  the  dorso- ventral  muscles  will  effect  the 
raising  of  the  branchial  roof,  and  thus  produce  a  corres- 
ponding increase  in  the  capacity  of  the  branchial 
chamber.  When  the  muscles  relax,  the  weight  of  the 
superimposed  digestive  gland  and  gonad  will  be  sufficient 
to  depress  the  roof  and  decrease  the  volume  of  the 
branchial  chamber. 

Although  it  is  difficult  to  understand  the  precise 
function  of  these  muscles,  it  must  bo  conceded  that  their 
action  may  be  of  supreme  importance  in  connection  with 
the  branchial  chamber,  either  as  a  current  regulator  or  as 
an  accessory  current-producing  organ.  It  will  not  be 
surprising  if  additional  investigations  on  this  point  throw 
new  light  on  some  of  the  problems  discussed  above. 

EXCRETORY    SYSTEM 
(PI.  X,  figs.  57,  58,  59,  Text  figs.  11  and  12). 

Excretion  is  performed  in  three  different  parts  of  the 
bodv. 

{{)  by  the  Autennary  glands  and  their  connections. 
(ii)  by  the  Ferment  cells  of  the  digestive  gland. 
(iii)  by  the  Branchial  excretory  organ. 

(i)  The  Axtexnary  Glands  and  Connections. 

These  form  a  complicated  system  of  organs  at  each 
side  of  the  body.  The  right  and  left  sides,  which  are 
similar  to  one  another  are  absolutely  separate,  although 
in  certain  places  the  two  parts  are  in  very  close  contact. 
This  excretory  organ  is  a  coelomoduct*,  and  may  be 
divided  into  three  portions  on  each  side.  The  first  part, 
or  the  antennary  gland  (*'  green  gland,"  ''  rein  anten- 
narie  ^'),  is  situated  in  the  cephalic  region  immediately 
beliind  the  eye  socket.     It  is  a  small  spongy  mass  of  a 

•  Goodrich.    Various  papers  in  Q.J.M.S.,  Vols.  XXXVII-XLV. 


884 

light  green  colour,  having  a  triangular  shape  when 
viewed  from  above.  At  its  posterior  and  inner  corner  it 
is  connected  with  the  second  portion — the  bladder 
("vessie,"  Marchal;  **  nephro-peritoneal  sac,"  Weldon). 
This  is  an  extensive  thin- walled  sac  having  several  large 
branches.  It  is  easily  made  out  because  of  the  dark 
brown  colour  of  its  walls.  Immediately  in  front  of  the 
antennary  gland  the  main  portion  of  the  bladder  is 
connected  vent  rally  with  the  third  part — the  UP6teP. 
This  is  a  spacious  tube  leading  downwards  and  opening 
to  the  exterior  beneath  the  operculum^  which  is  situated 
on  the  ventral  side  of  the  basal  portion  of  the  second 
antenna. 

(1)  The  Antennary  Gland  (PI.  X,  figs.  58,  59, 
Text  fig.  11)  is  made  up  of  two  portions.  On  the  dorsal 
side  is  a  small  vesicle — the  end  sao  [*'  saccule,"  Marchal] 
(fig.  58,  end.  s,,  Text  fig.  11,  e.s,).  From  the  floor  of  the 
end  sac  are  given  off  numerous  blind  prolongations,  which 
may  either  be  simple  or  branched,  llie  epithelium  lining 
the  end  sac  (e.es.)  is  composed  of  flattened  irregularly- 
shaped  cells,  some  of  which  project  more  than  others  into 
the  cavity  of  the  end  sac.  Many  of  these  cells  contain 
small  yellow  oil  globules.  Marchal  speaks  of  the 
epithelium  of  the  end  sac  in  Maia  as  being  columnar,  but 
in  Cancer  it  has  a  decidedly  squamous  appearance. 
Marchal  also  states  that  the  walls  of  the  end  sac  are  more 
than  one  cell  thick  in  places.  This  does  not  appear  to  be 
the  case  in  Cancer.  The  cells  of  the  end-sac  epithelium 
do  not  stain  so  deeply  as  the  epithelial  cells  of  the  lower 
part  of  the  antennary  gland. 

The  ventral  portion  of  the  antennary  gland  is  much 
larger  than  the  dorsal  end  sac.  In  sections  this  lower 
portion  is  seen  to  have  a  very  complicated  structure,  and 
is,  therefore,  known  as  the  Labyrinth  (fig.  58,  Text  fig.  11, 
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Lab,).  The  essential  part  of  the  labyrinth  is  the  Renal 
tube  (tu.),  the  cavity  of  which  is  connected  in  front  with 
the  end  sac  and  behind  with  the  bladder.  The  roof  of  the 
renal  tube  is  in  close  contact  with  the  floor  of  the  end  sac. 
It  may  be  conceived  that  the  lumen  of  the  renal  tube  was 
primitively  quite  simple,  so  that  in  such  a  condition  of 
things  the  ventral  part  of  the  antennary  gland  would 
show  none  of  the  complicated  structure  which  we 
designate  the  labyrinth.  The  complexity  has  been 
produced  in  two  ways.  As  already  mentioned,  the  floor  of 
the  end  sac  sends  downwards  numerous  branched  tubes, 
the  cavity  of  each  tube  being  connected  with  that  of  the 
end  sa'C,  and  its  walls  being  lined  by  the  squamous 
epithelium  typical  of  the  end  sac.  The  floor  of  the  end 
sac  is  closely  applied  to  the  roof  of  the  renal  tube,  so  that 
these  prolongations  push  before  them  the  epithelium  of 
the  renal  tube,  at  the  same  time  breaking  up  its  lumen. 
Invaginations  also  appear  in  the  ventral  and  lateral  walls 
of  the  renal  tube,  giving  rise  to  partitions  across  the 
lumen  of  the  tube  known  as  frabe^ulae.  These  ventral  and 
lateral  ingrowths  are  not  caused  by  the  extension  of  the 
end  sac.  In  sections  the  dorsal  ingrowths  of  the  end  sac  can 
always  be  distinguished  from  the  ventral  ingrowths  by  the 
fact  that  the  former  appear  to  be  lined  by  two  rows  of 
epithelial  cells — the  squamous  epithelium  of  the  end 
sac,  carrying  before  it  the  epithelium  of  the  renal  tube, 
the  two  only  being  separated  by  a  narrow  blood  sinus. 
The  ventral  ingrowths  are  only  lined  by  the  epithelium  of 
the  renal  tube,  and  enclose  portions  of  connective  tissue 
which  have  been  drawn  in  from  tissue  surrounding  the 
gland.  The  epithelium  of  the  renal  tube  (fig.  59,  r.  /?/.)  is 
distinctly  columnar,  and  the  protoplasm  has  a  finely 
striated  appearance.  The  cells  are  lined  by  a  thin  border, 
which  is  generally  described  as  a  cuticle. 
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In  sections  through  the  antennary  gland  the 
following  structures  may,  therefore,  be  made  out:  — 

Dorsal,  (a)  The  main  portion  of  the  end  sac.  This 
is  a  simple  cavity  lined  by  squamous  epithelium,  the  cells 
of  which  do  not  take  the  stain  well. 

Ventral.  The  labyrinth  made  up  of  the  following 
parts :  — 

(h)  Numerous   small   spaces   with   an   inner  lining   of 
squamous  epithelium  (ventral  prolongation  of  the 
end  sac),   and  an  outer  lining  of  deeply  stained 
columnar  epithelium. 
{c)  Irregular  spaces  surrounded  by  columnar  epithelium 
which  is  deeply  stained.     On  the  side  facing  the 
lumen  the  cells  are  lined  by  a  fine  border.     These 
are  portions  of  the  renal  tube. 
{d)  Small  spaces  lined  by  the  renal  tube  epithelium. 
In  the  spaces  are  connective  tissue  cells  and  blood. 
These  are  the  trabecular  ingrowths.     In  some  parts 
the   epithelium   of  the   trabeculae  fuses   with  the 
epithelium  of  the  roof  of  the  renal  tube,  so  that 
the  blood  sinus  passes  right  through  the  labyrinth. 
(e)  Between  the  epithelium  of  (6)  and  (c)  may  be  made 
out  small  blood  sinuses. 
(2)  The    bladder    (Fig.  57,  Text  figs.  11,  12)  is 
extensive    and    complicated.       It    is    a    thin-walled    sac 
readily  made  out  on  account  of  its  deep  brown  colour. 

The  Main  Vesicle  is  situated  above  the  antennary 
gland,  and  its  cavity  is  continuous  with  that  of  the  renal 
tube  at  the  inner  and  posterior  end  of  the  antennary 
gland  In  front  of  the  gland  it  is  connected  with  the 
ureter.  From  the  main  vesicle  are  given  off  the  follow- 
ing lobes:  — 

(a)   at  the  anterior  end — Epigastric  lobe,  Progastric 
lobe,  Antero-lateral  lobe,  Cerebral  lobe. 
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09)  at    the    posterior    end — Hepatic    lobe,     Supra- 
hepatic   lobe,    Paragastric   lobe.    Oesophageal 
lobe. 
The  Main  YeBiole  ["sac  vesical,"  Marchal]  (M.V.) 
is  situated  below  the  anterior  and  outer  corner  of  the 
iitomarh  and  above  the  antennary  gland,  with  which  it  is 
connected  at  the  posterior  of  the  latter.     On  its  ventral 
side    the    main    vesicle    is    connected    with    the    ureter 
immediately  in  front  of  the  antennary  gland. 


Fiu   11      Diagrammatic  longitudinal  section  of  the  excretoT7  ijBtem. 
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The  Epigastrio  lobe  (Fig.  57,  e.  lb.,  Text  Kg.  11, 
J'Jp.)  is  the  most  obvious  part  of  the  bladder  when  dis- 
secting the  crab  from  above.  It  arises  from  the  anterior 
end  of  the  Main  Vesicle.  It  passes  forwards  and  upwards 
along  the  front  watt  of  the  fore-gut  and  turns  back 
along   the   dorsal    wall,   extending   as   far   back   as   the 
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pyloric  region.  It  is  clearly  separated  in  the  middle  line 
from  the  corresponding  lobe  of  the  other  side.  It  is  broad 
anteriorly,  and  becomes  narrower  and  more  irregular  in 
shape  towards  the  posterior  end.  The  outer  part  of  the 
broad  anterior  portion  is  slightly  reflected  down  the  side 
wall  of  the  fore-gut  and  comes  into  contact  with  the 
paragastric  lobe. 

The  Progastrio  lobe  (Fig.  5T,  j^.lh,,  Text  fig.  11, 
Pro.),  is,  strictly  speaking,  part  of  the  Epigastric  lobe. 
It  is  situated  close  to  the  connection  between  the  Main 
Vesicle  and  the  Epigastric  lobe.  It  is  on  the  inner  side 
of  the  latter,  and  is  closely  applied  to  the  front  wall  of 
the  stomach.       The  lobes  of  each  side  come  into  ver\" 

ft. 

close  contact  in  the  median  line,  and  it  is  only  by  very 
careful  dissection  that  they  are  seen  to  be  separate. 

The  Antero-lateral  lobe  ["lobe  du  muscle  adducteur/' 
Marchal]  (Fig.  57,  a,  lb,.  Text  fig.  11,  a.  /.  ^.)  arises  from 
the  anterior  and  outer  corner  of  the  Main  Vesicle.  It 
consists  of  two  parts  :  — 

(a)  An  inner  lobe  (Text  fig.  12,  B,  a.  L  i.),  which 
passes  inwards  beneath  the  antennary  gland. 

(b)  An  outer  lobe  (Text  fig.  12,  B,  a,Lo,),  which 
passes  outwards  beneath  the  digestive  gland  as  far  as  the 
origin  of  the  outer  adductor  muscle  of  the  mandible. 

The  Cerebral  lobe  (fig.  57,  c,  lob.)  arises  from  the 
anterior  and  inner  corner  of  the  Main  Vesicle.  It  passes 
inwards  above  the  cerebral  ganglia,  and  almost  meets  the 
corresponding  lobe  of  the  other  side. 

The  Hepatic  lobe  [**  arriere  vessie  "  (part),  Marchal] 
(fig.  57,  h.  lb. J  Text  fig.  11,  Hep.)  arises  from  the  posterior 
and  outer  corner  of  the  Main  Vesicle  by  a  very  narrow 
portion,  which  passes  beneath  the  outer  adductor  muscle 
of  the  mandible  close  to  its  insertion  on  the  mandibular 
apophysis.     The  main  part  of  the  lobe  passes  outwards 
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beneath  the  digestive  gland  and  follows  the  course  of  the 
gland  to  its  extreme  outer  and  posterior  corner.  Along 
the  outer  edge  of  the  digestive  gland  the  lobe  turns 
upwards  and  covers  the  outer  part  of  the  dorsal  portion 
of  the  gland.  Owing  to  its  position  beneath  the  digestive 
gland  the  hepatic  lobe  is  not  readily  seen,  in  spite  of  its 
large  size.  Xear  the  origin  of  this  lobe  from  the  Main 
Vesicle  a  small  inner  lobe  is  given  oif ,  which  ends  blindly 
near  the  posterior  oesophageal  lobe. 

The  Suppa-hepatic  lobe  (fig.  57,  s.lb..  Text  fig.  11, 
S.  H.)  is  not  well  developed  in  Cancer.  It  arises  from 
the  Main  Vesicle  on  the  inner  side  of  the  origin  of  the 
hepatic  lobe,  and  passes  above  the  digestive  gland  on 
each  side  of  the  fore-gut. 

The  Paragastric  lobe  (fig.  57,  g,lb,,  Text  fig.  11, 
Par,)  arises  from  the  posterior  end  of  the  Main  Vesicle 
near  to  the  origin  of  the  supra-hepatic  lobe.  Its  outer 
side  is  applied  to  the  mandibular  apophysis,  and  on  its 
inner  side  it  comes  into  contact  with  the  side  wall  of  the 
fore-gut.  It  passes  up  the  side  of  the  latter  and 
touches  the  epigastric  lobe. 

The  Oesophageal  lobe  arises  from  the  inner  and 
posterior  corner  of  the  Main  Vesicle.  It  passes  inwards 
and  divides  into  anterior  (as,  lb,)  and  posterior  {po,lb,) 
portions  which  wrap  around  the  oesophagus,  touching 
the  corresponding  lobe  of  the  other  side  in  the  middle 
line. 

In  sections  through  a  young  crab  (wudth  of  carapace 
15  mm.)  the  epithelium  of  the  bladder  (PI.  XII,  fig.  82) 
(consists  of  columnar  cells  20ft  long  and  15ft  wide.  The 
protoplasm  is  denser  near  the  outer  portion  of  each  cell, 
and  the  inner  portion  of  the  protoplasm  is  greatly  vacuo- 
lated. In  the  outer  region  of  the  cell  the  protoplasm  is 
arranged  in  longitudinal  strands,  which  gives  rise  to  the 


840 


I 


at    (J'Of- 


B 


FHi.  12. 


A.  = 

at 

B.  = 

at 

C.  = 

at 

Card. 

= 

0. 

^ 

a.l.o. 

ss 

-Diagrammatic  tranaverse  sections  through  the  left  half  of 
the  body  to  show  the  excretory  system. 

the  level  of  the  external  excretory  aperture. 

the  level  of  the  "  green  gland.*'      (The  gland  is  shown  as  a 
dotted  line.) 

the  level  of  the  oesophagus.     (For  S.H.  read  Hep.) 

cardiac  region  of  the  fore-gut.       o.l.  =  oesophageal  lobe. 

oesophagus.  md.  =  mandible. 

outer  portion  of  antero-lateral  lobe. 
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striated  appearance  noted  by  Weldon  and  Allen.  In  some 
cases  these  striations  are  carried  through  to  the  inner 
region  of  the  cell,  but  generally  the  protoplasm  is  divided 
into  a  deeply-stained  outer  portion,  which  exhibits  the 
striations  mentioned  above,  and  a  more  lightly  stained 
inner  portion  in  which  the  strands  of  protoplasm  are  few 
in  number,  thus  causing  the  vacuolated  appearance.  The 
nucleus  of  the  bladder  epithelial  cells  has  a  diameter  of 
Gft,  and  is  situated  near  the  centre  of  the  cells. 

(3)  The  Ureter  (Text  fig.  11,  12,  A,  Ur.)  is  a 
spacious  sac  situated  on  the  inner  side  of  the  antennary 
gland,  partly  in  front  of  and  partly  below  the  gland.  The 
connection  with  the  main  vesicle  is  a  narrow  opening 
immediately  in  front  of  the  anterior  and  inner  corner  of 
the  gland.  The  ureter  passes  downwards,  and  opens  to 
the  exterior  on  the  ventral  surface  of  the  proximal  portion 
of  the  second  antenna.  It  is  lined  with  epithelial  cells, 
which  are  distinctly  larger  than  those  of  the  bladder  and 
take  the  stxiin  more  distinctly. 

The  relation  of  the  parts  in  the  neighbourhood  of  the 
external  orifice  is  of  interest.  The  proximal  region  of  the 
ventral  side  of  the  second  antenna  is  occupied  by  a  small, 
irregularly-shaped  plate — the  operculum  (PL  II,  fig.  5, 
op.),  which  is  freely  movable.  The  movement  is  possible 
because  of  its  connection,  by  means  of  a  flexible 
membrane,  with  the  surrounding  hard  parts.  The 
membrane  forms  a  pocket-like  invagination  around  the 
operculum,  and  is  deepest  on  the  inner  and  posterior  side, 
so  that  the  movement  is  greatest  on  this  side  when  the 
operculum  is  raised.  When  the  operculum  is  elevated  it 
is  seen  that  the  membrane  is  perforated  by  a  distinct 
orifice  on  the  inner  and  posterior  side.  This  is  the 
excretory  orifice.     Hence  Marchal*  termed  the  membrane 

■'•''  Marchal.      **  Appareil    excr^teur    des    Cnistac^s    D^apodes.*' 
Arch.  Zool.  exp.  et  gin.,  T.  X  (Ser.  2),  1892. 
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surrounding  the  orifice  the  excretory  membrane.  He  states 
that  the  excretory  fluid  is  not  ejected  as  the  result  of 
muscular  contraction  around  the  walls  of  the  sac-like 
ureter.  There  are  no  muscles  in  the  walls  of  the  ureter. 
The  outflow  is  of  a  passive  character,  and  takes  place 
whenever  the  excretory  orifice  is  opened.  Although  it  is 
probable  that  the  operculum  does  not  fit  tightly  enough 
to  prevent  the  outflow  of  the  excretory  fluid,  yet  it  is  when 
the  operculum  is  closed  liiat  the  fluid  ceases  to  escape. 
When  the  operculum  is  drawn  down  closely  into  its 
socket,  the  lips  of  the  excretory  orifice  are  pressed  together 
because  of  the  contraction  of  the  excretory  membrane. 
On  the  contrary,  when  the  operculum  is  raised  the 
membrane  is  extended  and  the  orifice  opens.  As  shown 
by  Marchal,  the  movements  of  the  operculum  are  under 
the  control  of  two  muscles — an  elevator  muscle  for 
extending  the  operculum  membrane,  and  a  depressor 
muscle  for  drawing  the  operculum  down  into  its  socket. 

Mode    of     Excretion. 

According  to  Marchal,  the  excretory  fluid  is  not 
produced  by  difl'usion  across  the  epithelial  cells  of  the 
antennary  gland  and  bladder,  but  is  the  result  of  an 
actual  breaking  away  of  a  part  of  each  of  the  epithelial 
cells.  An  examination  of  the  excretory  fluid  will  show 
that  there  are  numerous  bladder-like  vesicles  and  also 
cells  floating  in  the  fluid.  In  sections  of  the  bladder, 
and  also  in  teased  preparations,  one  can  see,  as  stated 
above,  that  the  protoplasm  is  highly  vacuolated  on  the 
inner  side  of  each  epithelial  cell.  Moreover,  in  some 
cells  there  is  one  large  vacuole,  or  vesicle,  projecting 
into  the  lumen  of  the  bladder  and  surrounded  by  an 
extremely  thin  layer  of  protoplasm.  In  the  interior  of 
the   vesicle    is   a   fluid   sometimes   containing   refringent 
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granules.  Each  vesicle  which  contains  excretory  fluid 
and  excretory  granules  ultimately  breaks  free  from  the 
cell  and  floats  away  in  the  excretory  fluid. 

In  addition  to  this  method,  it  is  highly  probable  that 
some  of  the  excretory  fluid  passes  through  the  epithelial 
cells  into  the  cavity  of  the  bladder  by  the  ordinary  process 
of  diffusion. 

The  above  mode  of  excretion  is  not  only  performed 
by  the  cells  of  the  bladder,  but  also,  according  to 
Marchal,  by  the  cells  of  the  labyrinth,  in  a  slightly 
modified  manner. 

As  stated  above,  the  cells  of  the  renal  tube  in  the 
labyrinth  appear  to  be  lined  by  a  thin  cuticle.  Marchal 
states  that  it  is  not  a  cuticle,  but  that  the  appearance  is 
due  to  a  row  of  very  small  vacuoles  lining  the  inner  side 
of  each  epithelial  cell.  These  vacuoles  gradually  increase 
in  size,  fuse  together,  and  the  single  large  vesicle  formed 
is  liberated  into  the  lumen  of  the  renal  tube,  in  a  very 
similar  manner  to  the  method  described  above  in  the  case 
of  the  bladder. 

In  the  cavity  of  the  end  sac  the  fluid  contains  small 
vesicles  containing  yellow  oil  globules.  These  have  been 
excreted  from  the  epithelial  cells  of  the  end  sac,  which, 
as  mentioned  above,  often  contain  yellow  oil  globules. 

In  addition  to  these,  Marchal  states  that  in  Maia 
entire  epithelial  cells  break  free  from  the  walls  of  the  end 
sac. 

At  first  Marchal  believed  that  in  Maia  the  wall  of  the 
end  sac  was  composed  of  a  single  layer  of  cells,  and  he 
expressed  surprise  that  it  was  possible  for  cells  to  break 
away  bodily  from  such  a  layer  without  breaking  the 
continuity  of  the  walls  of  the  end  sac.  Finally  he  decided 
that  the  wall  was  several  cells  thick  in  certain  places,  and 
that  it  was  from  these  places  that  the  cells  found  in  the 
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lumen  of  the  end  sac  had  broken  free.  Whatever  may  be 
the  condition  of  things  in  Maia,  there  is  no  doubt  that  in 
Cancer  the  walls  of  the  end  sac  are  uniformly  only  of  one 
cell  in  thickness.  As  in  Maia,  there  are  cells  in  the 
cavity  of  the  end  sac,  and  I  agree  with  Marchal  that  these 
are  epithelial  cells  of  the  end  sac  which  have  broken  away. 
There  appears  to  be  nothing  surprising  th-at  certain  cells 
of  this  single  layer  of  epithelial  cells  should  be  gradually 
nipped  off  by  the  activity  of  the  surrounding  cells  and 
thus  shed  into  the  lumen  of  the  end  sac.  An  examination 
of  serial  sections  through  the  end  sac  reveals  cells  in 
every  stage  of  this  process  of  shedding.  This  explains 
why  certain  cells  of  the  end  sac  epithelium  project  farther 
into  the  lumen  than  others,  as  described  above. 

Cuenot  investigated  the  excretory  organs  of  Crus- 
tacea by  injecting  various  colouring  matters  into  the  body 
of  the  living  animal.  He  has  placed  these  colouring 
matters  into  three  groups,  according  to  where  they  were 
eliminated. 

(1)  Fuchsin  acid,  Bismarck  brown,  safranin,  indigo- 

carmine,  etc. 

(2)  Methylene  green,  ammonium  carminate,  etc. 

(3)  Methylene  blue. 

After  such  injections  it  was  found  that  the  cells  of 
the  renal  tube  of  the  labyrinth  and  the  cells  of  the  bladder 
have  a  decidedly  alkaline  reaction  and  excrete  the 
substances  of  the  first  category.  The  cells  of  the  end  sac, 
on  the  other  hand,  have  an  acid  reaction  and  eliminate 
the  substances  of  the  second  category. 

By  the  above  method  of  injection  Cuenot  discovered 
that  in  addition  to  the  autennary  gland  and  its  connec- 
tions there  are  two  other  kinds  of  excretory  cells,  viz.  :  — 
The  ferment  cells  of  the  digestive  gland,  and  the  cells 
in  the  branchial  septum. 
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Development    of    the    Antennary    Gland. 

According  to  Waite,*  who  studied  the  development  of 
the  gland  in  Homarus,  the  end  sac  alone  arises  from  the 
mesoderm  when  the  embryo  is  only  live  days  old,  and  its 
lumen  is  for  a  long  time  completely  enclosed  by  meso- 
dermal cells.  An  ectodermal  ingrowth  (which  ultimately 
becomes  the  renal  tube  of  the  labyrinth)  occurs  at  about 
the  twenty-eighth  day.  The  lumen  of  the  end  sac  does 
not  become  continuous  with  that  of  the  labyrinth  until  the 
embryo  is  nearly  800  days  old.  The  complications  in  the 
walls  of  the  renal  tube  to  form  the  labyrinth  do  not  occur 
until  the  third  larval  stage.  The  bladder  is  formed  by  a 
dorsal  outgrowth  of  the  ectodermal  tube.  Therefore,  only 
the  cavity  of  the  end  sac  represents  part  of  the  original 
coelom.  The  renal  tube  of  the  labyrinth,  the  bladder  and 
the  ureter  are  all  ectodermal  in  origin.  Although  the 
development  of  the  green  gland  in  the  Brachyura  has 
not  been  investigated,  there  is  no  reason  to  believe  that 
it  presents  any  striking  diflperences  from  that  of  the 
Macrura. 

(li)  Ferment  Cells  of  the  Digestive  Gland. 

Part  of  the  contents  of  the  ferment  cells  are  of  an 
excretory  nature,  and  when  the  contents  of  these  cells 
pass  down  the  digestive  tubules  into  the  mid-gut  the 
excretory  products  are  separated  away  and  are  carried 
to  the  exterior  along  with  the  faeces.  The  ferment  cells 
of  the  digestive  gland  take  up  methylene  blue  when  this 
colouring  matter  is  injected  into  the  body  of  the  living 
animal.  The  large  coloured  mass  inside  each  ferment 
cell  is  coloured  light  blue.  Inside  this  mass  there  are 
small  bodies,  which  take  a  dark  blue  stain.  According 
to  Cuenot,   in   five  days  after  the   experiment  the   blue 

•  Waite.     Bull.  AIus.  Hare,  Vol.  XXXV,  No.  7  (1899). 
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stain  will  pass  out  into  the  lumen  of  the  tubule  and  thence 
to  the  alimentary  canal,  where  it  is  got  rid  of  along  with 
the  excrement. 

(iii)  Branchial  Excretory  Organ. 

This  is  found  in  the  gills  in  that  portion  of  the  tissue 
situated  between  the  afferent  and  efferent  branchial  veins. 
According  to  (.'uenot,  the  excretory  cells  are  continued 
along  the  sides  of  the  branchio-cardiac  veins  When  the 
crab  is  subject  to  Cuenot's  system  of  injection,  it  is  found 
that  the  cells  of  the  branchial  excretory  organ  act  like 
the  cells  of  the  end  sac  They  have  an  acid  reaction  and 
eliminate  substances  of  the  second  category. 

NERVOlS    SYSTEM. 

The  nervous  system  of  the  lirachyura  {Carcinus 
Tuaenas)  has  been  investigated  in  detail  by  Bethe.*  It  is 
proposed  to  give  here  only  a  short  account  of  the  nervous 
system  of  Cancer. 

The  nervous  system  may  be  described  briefly  as 
consisting  of  two  main  nerve  masses — the  fused  pre-oral 
cerebral  ganglia  and  the  fused  ganglia  of  the  post-oral 
region.  The  two  are  connected  by  a  pair  of  commissures 
which  pass  round  the  oesophagus.  With  the  cerebral 
ganglia  are  connected  the  nerves  supplying  the  eye, 
antennules  and  antennae.  All  the  post-oral  appendages 
and  somites  are  innervated  from  the  posterior  nerve  mass 
which  lies  in  the  thorax.  At  each  side  of  the  oesophagus 
there  is  a  ganglion  on  the  commissure,  from  which  arises 
the  stomatogastric  nerves  supplying  the  fore-gut. 

The  brain  is  the  centre  of  co-ordinated  movement, 
and  each  ganglion  of  the  ventral  nerve  mass  is  the  reflex 
centre  for  the  appendage  which  it  supplies. 

•Bethe.     Arch.  f.  Mikr.  Anat.,  Bd.  XLIV  (1895),  pp.  579-622- 
Bd.  L  (1897),  pp.  460-546,  689-639 ;  Bd.  LI  (1898),  pp.  382-462. 
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The    Brain. 

The  Brain  (cerebral  ganglia,  e.g.)  is  situated  above 
the  anterior  end  of  the  epistoma.  It  is  roughly 
rectangular  when  viewed  from  above,  and  is  formed  of  a 
complex  mass  of  nerve  cells  and  fibres.  The  anterior  half 
of  the  brain  is  connected  with  the  nerve  fibres  supplying 
the  eye  and  optic  peduncle.  From  the  posterior  half 
arise  the  nerves  innervating  the  antennules,  antennae,  the 
sense  organs  of  the  antennules,  and  also  the  nerves 
supplying  the  integument.  The  nerve  fibres  from  the 
diiferent  parts  become  aggregated  in  the  brain  in  definite 
masses  or  neuropiJes  (**  Puuktsubstanz,''  Leydig). 
Between  the  neuropiles  there  are  numerous  nerve  cells 
more  or  less  closely  packed.  The  main  neuropiles  are  as 
follows :  — 

Connected  with  the  optic  fibres.  The  antero- superior, 
median  and  posterior  optie  neuropiles,  all  situated  in  the 
anterior  half  of  the  brain.  Also  the  inferior  optic 
neuropile  extending  below  the  others. 

Connected  with  the  oculomotor  fibres.  The  paired 
lateral  oculomotor  neuropiles  situated  on  the  outer  side  of 
the  optic  neuropiles,  and  also  a  median  oculomotor 
neuropile  lying  in  the  middle  line  behind  the  optic 
neuropiles. 

Connected  with  the  first  antenna  (antennule).  The 
median  neuropile  of  the  first  antenna  situated  in  the  middle 
line  below  the  median  oculomotor  neuropile.  The  lateral 
neuropiles  of  the  first  antenna  situated  ventrally  at  each 
side,  behind  the  inferior  optic  neuropiles. 

Connected  with  the  second  antenna.  There  are  three 
neuropiles  situated  at  each  side  of  the  posterior  region  of 
the  brain,  viz.,  the  median,  posterior  and  lateral  neuro- 
piles of  the  second  antenna. 

* 

Connected     with     the     tegumentary     nerves.       The 
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superior  and  inferior  iegumentary  neuropiles  situated  in 
the  posterior  region  of  the  brain,  slightly  anterior  to  the 
neuropiles  of  the  second  antenna. 

At  each  side  of  the  brain  there  is  a  globular  mass  of 
radiating  fibres  lying  between  the  oculomotor  and  the 
tegumentary  nerves.  This  is  the  globulus.  There  is  a 
tract  of  nerve  fibres  extending  from  the  globulus  to  the 
median  optic  neuropile.  It  is  probable  that  some  of  the 
fibres  of  the  otocyst  nerve  arise  from  the  globulus. 

The  chief  groups  of  nerve  cells  in  the  brain  are  as 
follows :  — 

The  supero-median  cells  are  on  the  inner  side  of  the 
antero-dorsal  region  of  the  brain. 

The  infcro-median  colls  are  situated  on  the  ventral 
side  of  the  posterior  part  of  the  brain  near  the  median 
line. 

The  supero'lateral  cells  are  situated  dorsally  on  the 
inner  and  anterior  side  of  the  globulus. 

The  infer O'lateral  cells  extend  along  the  inner  side  of 
the  globulus  on  the  ventral  side  of  the  brain. 

The  anterior  globular  cells  are  situated  ventrally  on 
the  inner  and  anterior  side  of  the  globulus. 

The  posterior  globular  cells  lie  above  and  behind  the 
globulus  at  its  outer  and  posterior  side. 

The  following  nerves  are  connected  with  the  brain 
(fig.  68):  — 

Optic  nerve  [o.  n.).  One  pair.  Each  arises  from  the 
dorsal  side  of  the  brain  at  its  anterior  corner.  The  fibres 
are  continuous  with  those  of  the  various  optic  neuropiles. 
It  runs  outward  and  forward  at  an  angle  of  45°  with  the 
longitudinal  axis,  and  passes  into  the  distal  part  of  the 
optic  peduncle,  where  the  latter  articulates  with  the 
proximal  part  of  the  peduncle.  In  the  swollen  part  of 
the  peduncle  the  nerve  becomes  enlarged  to  form  the  optic 
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ganglion  (fig.  69,  o.g,).  From  this  ganglion  nerve  fibres 
are  given  oflp,  which  pass  through  the  basement  membrane 
and  innervate  the  various  ommatidia  of  the  eye  (see  figs. 
69,  70). 

Oculomotor  nerve  {om.  n.).  One  pair.  These  arise 
from  the  brain  immediately  behind  the  optic  nerve.  Each 
passes  outward  behind  the  optic  nerve,  and  supplies  the 
optic  peduncle  and  the  muscles  connected  with  it. 

Antennulary  nerve  (a.^  n.).  One  pair.  At  each  side 
this  nerve  appears  to  be  single,  but  it  is  composed  of  two 
different  kinds  of  fibres,  having  different  functions  and 
arising  from  different  centres  in  the  brain.  For  this 
reason  the  two  nerves  should  be  described  separately,  as 
in  the  case  of  the  optic  and  oculomotor  nerves.  The  main 
branch  innervates  the  antennule,  and  is  connected  in 
the  brain  with  the  fibrils  of  the  median  neuropiles.  The 
fibres  innervating  the  olfactory  and  tactile  setae  are 
probably  connected  with  the  lateral  neuropiles.  The 
otocyst  branch  is  connected  with  the  lateral  neuropiles, 
and  also  with  the  globulus.  It  passes  out  from  the  brain 
together  with  the  fibres  of  the  main  branch,  but  the  two 
kinds  soon  separate  and  those  innervating  the  otocyst  pass 
outwards,  and  the  fibres  are  connected  with  ganglion  cells 
at  the  base  of  the  otocyst  setae.  The  antennulary  nerve 
arises  from  the  middle  of  the  ventral  surface  of  the  brain, 
but  in  Cancer  it  apparently  leaves  the  brain  near  the 
anterior  end. 

Tegumentary  nerve  (t.  n.).  One  pair  of  broad  nerves, 
which  leave  the  brain  near  the  postero-lateral  comer. 
Each  passes  outwards  almost  at  right  angles  to  the  longi- 
tudinal axis,  and  divides  into  two  main  branches.  The 
anterior  branch  supplies  the  integument  in  region  of  the 
rostrum.  The  outward  branch  sweeps  backwards  and  out- 
wards, giving  off  small  branches  to  the  integument. 
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Antennary  nenre  (a.^  n.).  One  pair  of  small  nerves, 
which  arise  from  the  ventral  side  of  the  brain  immediatelv 
behind  the  tegumentary  nerves.  They  are  connected 
with  the  fibres  of  the  neuropil es  of  the  second  antenna. 
Immediately  on  leaving  the  brain  each  passes  beneath  the 
tegumentary  nerve  and  enters  the  muscle  chamber  of  the 
second  antenna. 

The  oommissures  {Com.).  One  pair  of  rather  large 
nerves,  which  arise  from  the  posterior  side  of  the  brain. 
They  pass  posteriorly  on  each  side  of  the  oesophagus,  and 
are  connected  with  the  ventral  nerve  mass  in  the  thorax. 
At  each  side  of  the  oesophagus  there  is  a  paroesophageal 
ganglwn  {-p.  g.)y  and  behind  the  oesophagus  the  two 
commissures  communicate  by  means  of  a  transverse  post- 
oesophageal  connective  (n.  po.).  From  the  paroesophageal 
ganglia  arise  the  stomatogastric  nerves,  and  immediately 
behind  the  ganglion  there  is  a  small  nerve  (n.  m.) 
supplying  the  muscles  of  the  mandibles. 

Ventral     Nerve     Mass. 

The  ventral  nerve  mass  (L  g,)  is  situated  above  the 
sternal  arterv  in  the  third  and  fourth  thoracic  somites. 
It  is  partly  supported  by  the  median  plate  of  the  endo- 
phragmal  system.  It  contains  nerve  elements  repre- 
senting the  post-oral  cephalothoracic  ganglia  and  the 
abdominal  ganglia.  It  is  not  possible  to  make  out  all 
these  ganglia  from  dissections,  but  they  may  be 
distinguished  in  stained  preparations  and  in  sections. 
Slightly  behind  the  centre  of  this  fused  ganglionic  mass 
is  a  foramen  {n.  /.),  through  which  passes  the  descending 
arterv. 

At  its  anterior  end,  where  it  is  connected  with  the 
commissure,  the  ventral  nerve  mass  is  narrower  than  in 
its    posterior    portion.      In    this    anterior    portion   it    is 
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possible  to  make  out,  in  suitable  preparations,  evidences 
of  six  pairs  of  ganglia  belonging  to  the  last  three  cephalic 
and  the  first  three  thoracic  somites.  Behind  this  region 
five  pairs  of  larger  ganglia  may  be  distinguished  more 
readily.  From  these  arise  the  nerves  supplying  the  five 
pairs  of  pereiopods  and  the  last  five  thoracic  somites. 
Between  the  last  two  ganglia  is  a  median  swelling,  which 
is  composed  of  the  six  ganglia  belonging  to  the  abdominal 
somites. 

The  following  nerves  arise  from  the  ventral  nerve 
mass :  — - 

First  nenre  (n.  1).  One  pair.  Each  arises  close  to 
the  connections  between  the  commissure  and  the  ventral 
nerve  mass.  It  contains  fibres  from  the  first  three  ganglia 
of  the  nerve  mass.  It  passes  forwards  parallel  to  the 
commissure  and  divides  into  three  branches,  passing 
to  the  mandible,  first  maxilla  and  second  maxilla 
respectively. 

Seoond  nerve  (n,  2).  One  pair.  Each  arises  behind 
the  first  nerve,  and  its  fibres  are  connected  with  the  cells 
of  the  fourth  ganglion  of  the  nerve  mass.  It  passes 
forward  and  slightly  outward,  and  supplies  the  various 
parts  of  the  first  maxillipede. 

Nerves  3-9  (w.  -i-n,  9).  These  are  all  paired,  and  are 
connected  with  the  fifth  and  following  ganglia  of  the 
ventral  mass.  Each  nerve  supplies  the  appendage  of  its 
own  somite,  and  its  course  is  very  similar  to  that  of  the 
second  nerve.  Nerves  5-9,  however,  are  larger  than  the 
others,  and  the  posterior  nerves  pass  outwards  and  back- 
wards. 

Abdominal  nerve  {n,  ab.).  This  is  a  median  nerve, 
which  passes  backward  in  the  median  line.  It  arises  from 
the  fused  abdominal  ganglia  at  the  posterior  end  of  the 
ventral  nerve  mass,  and  contains  nerve  fibres  from  all  the 
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abdominal  ganglia.  It  passes  backward  along  the  median 
line  of  the  "sella  turcica"  and  along  the  ventral  region 
of  the  abdomen.  Small  nerves  are  given  off  to  each 
somite  of  the  abdomen. 

According  to  Jolyet  and  Viallanes,*  the  centres  of  the 
moderator  and  accelerator  nerves  of  the  heart  are  in  the 
anterior  part  of  the  ventral  nerve  mass.  The  cardiac 
nerve  of  the  Macrura  does  not  appear  to  be  present  in  the 
crabs. 

The    S  t  o  m  a  t  0  ga  s  t  r  i  c     System. 

This  consists  mainly  of  nerves  arising  from  the 
paroesophageal  ganglia.  These  nerves  fuse  to  form  the 
stomatogastric  nerve,  which  supplies  the  anterior  and 
dorsal  regions  of  the  fore-gut.  There  is  also  the  postero- 
lateral nerve  arising  behind  each  paroesophageal  ganglion. 

There  are  two  main  nerves  arising  from  each 
paroesophageal  ganglion.  These  pass  below  the  com- 
missure, and,  passing  forward,  they  fuse  with  each  other 
and  with  the  similar  nerves  of  the  other  side  to  form  the 
main  stomatogastric  nerve.  The  ventral  nei*ve  (st.  i.) 
arises  from  the  outer  side  of  the  ganglion,  and 
immediately  passes  below  the  lateral  dilator  muscle  of  the 
oesophagus,  to  which  it  gives  small  branches.  It  passes 
below  the  commissure  and  innervates  the  anterior  dilator 
muscles  of  the  oesophagus.  It  then  turns  upward  and 
fuses  with  the  similar  nerve  of  the  other  side  and  with  the 
dorsal  nerve.  The  latter  nerve  {st.  s,)  arises  from  the 
anterior  and  outer  side  of  the  paroesophageal  ganglion. 
It  passes  immediately  below  the  commissure,  and  gives  off 
a  small  nerve  to  the  anterior  walls  of  the  oesophagus.  In 
the  median  line  it  fuses  with  the  corresponding  nerve  of 
the  opposite  side,  and  also  with  the  ventral  nerve. 

The  stomatogastric  nerve  (st.  n.)   is  formed  by  the 

•  Jolyet  et  Viallanes.     Comvtes  Rendus,  CXIV  (1892),  p.  189. 
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fusion  of  the  two  ventral  ancf  dorsal  roots,  as  described 
above.  It  passes  up  the  anterior  wall  of  the  cardiac  fore- 
gut  as  a  median  nerve.  About  half  way  along  this  wall 
the  nerve  enlarges  to  form  the  stomatogastrie  ganglion 
{st.  g,).  From  this  point  the  nerve  proceeds  backward 
along  the  dorsal  side  of  the  fore-gut,  and  almost 
immediately  gives  ofE  two  large  branches — the  lateral 
gastrio  nerves  (/.  g.  w.).  Each  lateral  gastric  nerve  passes 
over  the  anterior  cardiac  muscle,  which  it  innervates,  and 
gives  rise  to  a  nerve  plexus  in  the  dorsal  walls  of  the 
cardiac  fore-gut.  Both  nerves  also  give  rise  to  an  internal 
branch,  which  passes  inwards  and  joins  again  with  the 
stomatogastrie  to  form  a  large  ganglion.  Behind  this 
ganglion  the  stomatogastrie  nerve  bifurcates.  Each 
branch,  which  is  known  as  the  posterior  gastric  nerve 
(p.  g.  ;i.),  passes  backward  to  the  pyloric  fore-gut.  Here 
the  two  nerves  join  again,  thus  forming  a  ring.  From  the 
posterior  end  of  this  ring  three  nerves  are  given  off — one 
to  the  hind-gut  (n.  i.),  one  to  the  digestive  gland  (n.  L)  and 
one  to  the  integument  (n.  t,).  The  muscles  in  this  region 
of  the  fore-gut  are  also  innervated  from  the  posterior 
gastric  nerves. 

The  postero-lateral  nerve  (/>.  n.)  of  each  side  arises 
from  the  inner  side  of  the  commissure,  immediately 
behind  the  paroesophageal  ganglion.  It  passes  backward, 
and  innervates  the  posterior  dilator  muscle  of  the 
oesophagus.  It  then  passes  upward  along  the  posterior 
wall   of   the  fore-gut,  and   supplies  the  muscles  in   this 

region. 

Sense    Organs. 

The    Eye. 
Each  eye  is  situated  at  the  distal  extremity  of  the 
long  optic  peduncle.     The  peduncle  is  clearly  divided  into 
two  portions: — (1)  A  long  narrow  proximal  part,  which 
z 
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meets  the  peduncle  of  the  other  side  in  the  median  line 
above  the  first  cephalic  sternum.  This  proximal  portion 
is  not  seen  from  the  exterior.  (2)  A  shorter  and  broader 
distal  portion,  which  is  the  part  seen  from  the  exterior. 
The  two  parts  are  separated  by  a  region  of  soft  chitin, 
which  allows  of  considerable  movement  between  the  two 
parts.  At  the  distal  extremity  of  the  peduncle  is  a  small 
black  area — the  cornea — which  defines  the  external 
surface  of  the  eye.  The  cornea  would  be  almost  circular 
were  it  not  for  the  presence  of  two  small  tubercles  which 
invade  the  dorsal  border  of  the  black  area,  and  thus  give 
it  a  somewhat  irregular  shape.  The  cornea  is  composed 
of  a  thin  layer  of  chitin,  which  is  continuous  with 
the  thick,  strongly  calcified  integument  covering  the 
remainder  of  the  distal  part  of  the  peduncle. 

The  thick  calcified  integument  has  the  usual  layer  of 
epidermis  beneath,  resting  upon  a  basement  membrane. 
In  the  region  of  the  eye,  the  cellular  layer  on  the  inner 
side  of  the  cornea  is  extremely  thick,  and  is  known  as  the 
ommateum.  On  the  inner  side  of  the  ommateum  is  a  well- 
defined  basement  membrane,  which  is  continuous  with 
that  of  the  ordinary  epidermis.  The  ommateum, 
therefore,  may  be  regarded  as  a  differentiation  of  the 
epidermis,  with  which  it  is  continuous. 

An  examination  of  the  surface  of  the  cornea  reveals 
the  presence  of  numerous  small  hexagonal  facets.  Vertical 
sections  through  the  eye  show  that  this  sub-division  of  the 
cornea  is  not  merely  superficial,  but  is  continued  through 
to  the  inner  side  of  the  chitinous  laver.  The  cornea  may, 
therefore,  be  said  to  be  composed  of  numerous  hexagonal 
prisms,  which  are  packed  closely  together.  On  the  inner 
side  of  the  cornea  the  ommateum  is  divided  into  numerous 
elements,  which  correspond  in  number  and  position  to  the 
corneal  facets.     Each  element  of  the  ommateum  is  known 
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as  an  ommatidium  and  fits  below  a  corneal  facet,  and 
extends  from  the  cornea  to  the  basement  membrane.  All 
the  ommatidia  have  the  same  essential  structure. 

Structure  of  an  ommatidium. 

Each  ommatidium  may  be  conveniently  divided  into 
proximal  and  distal  regions.  The  outer  parts  of  both 
these  regions  are  defined  by  the  presence  of  pigment 
(fig.  69,  pg,  i.,  pff.  o.). 

Underlying  the  cornea  is  the  flattened  corneagen. 
Below  this  are  the  vitrellar  cells,  the  distal  region  of 
which  enclose  the  crystalline  cone.  The  vitrellae  are 
surrounded  by  pigment  cells,  which  are  densest  on  a  level 
with  the  proximal  region  of  the  crystalline  cone.  At  the 
proximal  end  of  the  vitrellae  are  the  pigmented  retinulae 
which  surround  the  rhabdome.  The  retinulae  are  in 
contact  with  the  nerve  fibres  from  the  optic  ganglion,  and 
the  proximal  end  of  the  rhabdome  is  in  contact  with  the 
basement  membrane. 

The  corneagen  ["  corneal  hypodermis,"  Parker] 
(fig.  70,  corn.)  lies  immediately  below  the  cornea,  which 
is  a  product  of  the  corneagen  cells.  It  consits  of  two 
flattened  tile-like  cells. 

The  Yitrellae  ["cone  cells,''  Parker]  (vit.)  lie 
immediately  below  the  corneagen.  Transverse  sections 
show  that  there  are  four  vitrellae  in  each  ommatidium. 
Their  distal  extremities  are  applied  to  the  base  of  the 
corneagen.  Passing  inward  the  cells  become  narrower. 
Distally  they  enclose  the  crystalline  cone,  which  is 
secreted  by  these  cells.  Surrounding  the  vitrellae  are 
two  pigment  oells  (pg.  c),  which  are  continued  inward  as 
fine  processes  and  eventually  come  into  contact  with  the 
retinulae.  (Fig.  72  is  a  section  through  the  vitrellae  of  a 
single  ommatidium,  and  shows  that  there  are  four  vitrellar 
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cells  surrounded  by  two  pigment  cells.)  Between  the 
vitrellae  and  the  pigment  cells  there  are  intercellular 
spaces,  which  are  larger  at  the  proximal  end  of  the 
vitrellae. 

The  retinulae  (ret.)  are  seven  pigment  cells  which 
surround  the  rhabdome,  and  extend  from  the  proximal 
portions  of  the  vitrellae  to  the  basement  membrane. 
Distally  each  retinula  ends  in  a  rounded  knob,  which 
contains  a  nucleus  (fig.  71  shows  the  disposition  of  the 
retinulae  around  the  rhabdome).  At  their  distal  ends 
the  retinulae  are  extremely  large,  and  surround  the 
rhabdome  in  this  region  so  as  to  completely  hide  il.  The 
concentration  of  the  pigment  in  this  region  gives  rise  to  a 
well-marked  pigment  band  (fig.  69,  pg,  i.).  Proximally 
the  retinulae  are  not  so  large,  and  the  rhabdome  can  be 
seen  quite  distinctly  between  them.  The  rhabdome  has  a 
peculiarly  striated  appearance,  which  is  caused  by  the 
arrangement  of  the  pigment  granules  of  the  retinulae. 
The  optic  nerve  fibres  pass  into  the  retinular  cells,  so  that 
it  is  this  part  of  the  eye  which  is  sensitive  to  light. 

The  rhabdome  {rhab,)  is  a  rod-like  structure  in  the 
centre  of  the  retinulae.  According  to  Watase,*  the 
rhabdome  is  a  chitinous  structure  produced  as  a  secretion 
from  the  retinulae.  Parkert  states  that  transverse 
sections  show  that  the  rhabdome  is  composed  of  four 
parallel  rods,  and  he  further  affirms  that  these  four  rods 
are  the  inner  extremities  of  the  four  vitrellae  (cone  cells). 

The     optic     nen^e     fibres     perforate     the     basement 
membrane  and  end  in  the  retinulae. 

Each  ommatidium,  therefore,  may  be  said  to  consist 

•Watase,  S.  ''On  the  Morphology  of  the  Compound  Eyes  of 
Arthropods,"  Q.  J.  M.  S.,  Vol.  XXXI,  p.  143. 

t  Parker,  G.  H.  ♦'  The  Histology  and  Development  of  the  Eye  in 
the  Lobster,"  Bull.  Mus.  Comp.  Zool.  Harv.,  Vol.  XX,  No.  1. 

♦*The  Compound  Eyes  in  Crustaceans,"  loc.  cit.f  Vol.  XXI, 

No.  2. 
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of  a  series  of  cells  which  on  their  outer  side  receive  and 
concentrate  the  rays  of  light.  These  are  transmitted  to 
the  retinulae  by  means  of  the  transparent  vitrellae.  The 
retinulae  are  connected  with  the  nerve  fibres,  and  are, 
therefore,  the  important  part  of  the  eye.  Each 
ommatidium  is  surrounded  by  a  layer  of  pigment,  so  that 
the  sensitive  retinulae  are  situated  at  the  bottom  of  a 
tube,  which  is  completely  separated  from  the  tubes  of  the 
other  ommatidia  because  of  the  presence  of  the  pigment. 
Therefore,  the  retinulae  of  an  ommatidium  can  only 
receive  light  through  the  small  corneal  facet  at  the  distal 
extremity  of  the  particular  ommatidium. 

The  cornea  ((?r?.)  is  composed  of  three  layers.  On  the 
outside  is  a  thin  structureless  layer — the  cuticle  {cut.). 
Beneath  this  is  an  outer  pigmented  layer  (pig.  /.),  to  which 
the  colour  of  the  cornea  is  due.  Below  the  pigment  hvyer 
is  the  deeper  layer.  Both  inner  layers  exhibit  longi- 
tudinal striations. 

According  to  Watase,  the  corneagen,  vitrellae  and 
retinulae  are  all  modified  epidermal  cells,  which,  in  the 
case  of  the  vitrellae  and  retinulae,  have  grown  inward. 
The  cornea  is  a  chitinous  secretion  of  the  corneagen.  The 
crystalline  cone  is  primarily  a  chitinous  secretion  of  the 
vitrellae,  and  the  rhabdome  is  a  chitinous  rod  secreted  bv 
the  cells  of  the  retinulae. 

The    otocyst. 

The  otocyst  is  found  in  the  basal  segment  of  the 
antennule.  It  is  a  sac  lined  with  a  layer  of  chitin,  which 
is  continuous  with  the  outer  chitinous  integument.  In 
the  megalopa  stage  and  in  the  young  crabs  the  otocyst  is 
open  to  the  exterior,  and  in  these  stages  otoliths  are 
present  in  the  sac.  In  large  crabs,  however,  there  are  no 
otoliths,     and     the     sac     is    completely     closed    except 
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immediately  after  ecdysis,  when  the  otocyst  is  connected 
with  the  exterior  by  means  of  a  transverse  slit  on  the 
dorsal  side  of  the  basal  segment  of  the  antennule.  This 
slit  is  quite  obvious  in  the  hard  crab.  The  walls  of  the 
sac  project  into  the  lumen  at  three  places — (1)  in  the 
postero-lateral  wall  (2)  in  the  posterior  wall,  and  (3)  the 
anterior  part  of  the  floor. 

There  are  three  kinds  of  setae  situated  on  the  walls  of 
the  otocyst  and  projecting  into  the  lumen. 

The  hooked  setae  [**  Hakenhaare/'  Hensen]  (PI.  XI, 
fig.  75)  are  found  on  the  convex  portion  of  the  posterior 
wall  of  the  otocvst.  These  setae  are  characterised  bv 
having  the  distal  extremity  inclined  at  a  considerable 
angle  to  the  proximal  portion,  sometimes  as  much  as  90°. 
The  distal  portion  of  the  shaft  has  fine  barbs  arising  from 
it.  The  base  of  the  shaft  is  sunk  into  a  socket-like 
depression.  The  total  length  of  the  hook  hairs  is  about 
55/x. 

The  thread'  setae  ['' Fadenhaare,"  Hensen]  are 
found  on  the  anterior  part  of  the  floor.  They  are  the 
largest  setae  present  in  the  otocyst,  and  are  about  six 
times  as  long  as  the  hook  hairs.  There  are  well-defined 
barbs  arising  from  the  shaft.  The  base  of  each  seta  lies 
in  a  cup-shaped  depression  of  the  chitinous  wall. 

The  grouped  setae  ['  Gruppenhaare,*'  Hensen] 
(fig.  76)  are  situated  on  the  lateral  walls  of  the  otocyst, 
below  the  closed  entrance  of  the  sac.  They  are  about 
140/x  in  length,  and  have  blunt  shafts.  There  are  no 
barbs  present. 

The  three  kinds  of  setae  are  innervated  from  the 
otocyst  nerve,  and  according  to  Prentiss*  there  is  one 
nerve  element  for  each  seta.     The  same  author  states  that 

•Prentiss,  C.  W.  "The  Otocyst  of  Decapod  Crustacea:  its 
structure,  development,  and  functions, "  Bm//.  Mus,  Comp.  Zool.  H<trv,, 
Vol.  XXXVI,  No.  7. 
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the  otocyst  does  not  become  functional  until  the  megalopa 
stage. 

Hensen  and  the  early  observers  believed  that  the 
otocyst  was  an  auditory  organ.  Hensen  found  that  the 
**  auditory  '  setae  were  individually  sensitive  to  sound 
vibrations  of  different  frequency,  and  concluded  that  in 
the  lobster  the  auditory  organ  had  a  range  of  three 
octaves. 

Kreidl  was  the  first  to  deny  that  the  otocysts 
possessed  an  auditory  function.  He  substituted  iron 
filings  for  the  otoliths,  and  the  experiments  led 
him  to  believe  that  this  organ  served  the  function  of 
equilibration. 

Bethe,  while  accepting  Kreidl's  results,  did  not  reject 
the  idea  that  the  otocyst  was  also  an  auditory  organ. 

The  researches  of  Prentiss  led  him  to  believe  that  the 
otocyst  was  a  static  organ  solely.  It  is  probable  that  in 
the  Brachyura  the  hooked  setae  and  grouped  setae  have 
lost  most  of  their  functional  activity  owing  to  the  absence 
of  otoliths.  The  thread  setae  are,  undoubtedly,  the  most 
important  sensory  organs  of  the  otocyst.  (For  a  further 
discussion  of  this  subject  the  reader  is  referred  to  the 
paper  by  Prentiss.) 

The  sensory  setae  of  Cancer  are  of  two  kinds. 

The  tactile  setae  may  be  present  in  various  parts  of 
the  body.  They  are  found  on  the  antennules  and 
antennae,  and  on  most  of  the  appendages.  The  setae  of 
the  otocysts  are  probably  modified  tactile  setae.  They 
are  characterised  by  having  a  long  tapering  shaft  which 
bears  barbs,  and  each  seta  is  innervated  by  a  single  nerve 
fibre  and  a  single  nerve  cell. 

The  olfactory  setae  (fig.  74)  are  short  and  blunt,  and 
are  much  more  firmly  attached  to  the  integument  than 
the  tactile  setae.     Each  seta  is  divided  into  proximal  and 
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distal  portions  by  a  transverse  suture.  At  the  distal  end 
the  seta  is  either  perforated  or  the  membranous  covering 
is  extremely  thin.  The  olfactory  setae  differ  from  the 
tactile  setae  in  having  numerous  nerve  elements  for  each 
seta.  They  are  present  on  the  exopodite  of  the  antennule 
on  the  side  opposite  to  the  long  setae.  They  are  extremely 
small,  and  there  are  only  one  or  two  on  each  ring  of  the 
exopodite.  On  the  endopodite  of  the  antennule  there  are 
also  a  few  small  setae  on  the  dorsal  side  of  each  ring, 
which  have  the  appearance  of  olfactory  setae.  The 
gustatory  setae  present  in  the  region  of  the  mouth  are 
modified  olfactory  setae. 

REPRODUCTITE    ORGANS 

(Plate  XII). 

1.     Male  (fig.  78). 

The  abdomen  is  much  narrower  than  in  the  female, 
and  the  third,  fourth  and  fifth  abdominal  somites  are 
fused  together.  Abdominal  appendages  are  present  only 
on  the  first  and  second  abdominal  somites,  and  these  are 
modified  to  form  copulatory  organs.  The  external  genital 
apertures  are  paired,  and  each  is  situated  at  the  tip  of  a 
membranous  papilla  on  the  ventral  side  of  the  coxopodite 
of  the  last  walking  leg.  The  thoracic  sterna  are  deeply 
concave,  in  order  to  receive  the  closely-applied  abdomen. 
The  locking  apparatus  of  the  male  abdomen  is  much 
better  developed  than  in  the  female.  The  dorsal  side  of 
the  carapace  is  much  flatter  in  the  male  than  in  the  female. 
As  Williamson  has  pointed  out,  the  lobed  antero-lateral 
border  of  the  carapace  is  slightly  turned  up  in  mature 
males.  The  chela  of  the  mature  male  are  larger  than 
those  of  mature  females  of  the  same  size. 

The  two  abdominal  appendages  of  each  side  form  a 
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single  copulatory  organ  (see  fig.  16).  The  anterior 
appendage  [p.  1)  is  tubular,  and  into  the  tube  the 
posterior  rod-like  appendage  {p,  2)  is  inserted  during 
copulation.  The  copulatory  organ  of  each  side  is 
introduced  into  one  of  the  vulvae  of  the  females  during 
fertilisation.  The  genital  papillae  of  the  male  are  too 
short  to  reach  the  vulvae,  and  the  abdominal  appendages 
have  become  modified  to  form  sexual  organs  in  conse- 
quence of  this.  During  copulation  each  genital  papilla 
fits  into  the  base  of  the  tubular  appendage  and  the 
spermatophores  are  poured  into  the  tube.  The  rod-like 
second  appendage  is  constantly  working  up  and  down  the 
tube,  and  thus  forces  the  male  sexual  products  into  the 
spermatheca  of  the  female. 

The  testes  (test.)  are  paired  and  symmetrical,  and  the 
two  halves  are  connected  immediately  behind  the  fore- 
gut.  Each  testis  is  a  compact  lobulated  organ  situated 
in  the  antero-lateral  region  of  the  cephalothorax.  It  is 
superficial  in  position,  and  lies  immediately  below  the 
dermis  and  above  the  digestive  gland.  The  size  and 
shape  of  the  testis  varies  considerably  according  to  the 
condition  of  the  animal.  In  immature  crabs  it  may  be 
extremely  small,  but  in  the  mature  specimens  the  testis 
is  massive  and  lobulated,  and  may  cover  almost  the  whole 
of  the  digestive  gland.  Its  blood  supply  is  obtained  from 
the  large  spermatic  branch  of  the  lateral  artery.  At  its 
inner  extremity,  near  the  cardiac  fore-gut,  each  testis  is 
connected  with  the  vas  deferens  (v.  d.).  The  main  part 
of  the  testis  gives  oft'  a  posterior  branch  which  passes 
backward  beneath  the  vas  deferens  alongside  the  mid-gut 
caecum.  Above  the  mid-gut  this  prolongation  turns 
inward  and  joins  with  the  similar  portion  from  the  other 
side  to  form  a  bridge  behind  the  pyloric  fore-gut. 

The  vasa  deferentia  are  a  pair  of  long  convoluted 
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tubes  passing  backward  from  the  testes  to  tbe  posterior 
region  of  the  thorax,  where  each  opens  to  the  exterior  on 
the  coxopodite  of  the  last  walking  leg. 

In  a  mature  crab  the  course  of  each  of  the  vasa 
deferent ia  is  as  follows :  — Where  it  arises  from  the  inner 
portion  of  the  main  lobe  of  the  testis  the  vas  deferens  is 
an  extremely  convoluted  and  narrow  tube.  As  it  sweeps 
round  the  outer  side  of  the  cardiac  stomach  the  tube 
gprows  broader  and  the  convolutions  become  less  compli- 
cated, so  that  in  this  region  the  course  of  the  vas  deferens 
may  be  traced  without  much  difficulty.  At  the  level  of 
the  pyloric  fore-gut  the  duct  turns  suddenly  inwards  and 
covers  the  lateral  walls  of  this  region  of  the  alimentary 
canal.  From  this  point  the  vas  deferens  passes  backward 
as  a  white  convoluted  tube  above  the  hind-gut  and  below 
the  pericardium.  The  maximum  width  is  attained  below 
the  anterior  region  of  the  heart.  Behind  this  point  the 
duct  gradually  becomes  narrower,  and  is  then  known  as 
the  ejaculatory  duct  (e.  d.).  At  the  posterior  end  of  the 
pericardium  the  duct  dips  downward  through  the  foramen 
on  the  outer  side  of  the  **  sella  turcica."  It  then  passes 
behind  the  dorsal  extensor  muscle  of  the  coxa  of  the  last 
walking  leg  and  in  front  of  the  extensor  muscle  of  the 
basi-ischium  of  the  same  appendage.  Below  the  latter 
muscle  it  passes  beneath  the  flexor  of  the  basi-ischium, 
and  opens  to  the  exterior  at  the  end  of  a  soft  papilla 
situated  on  the  ventral  sur&ice  of  the  coxa  of  the  last 
walking  leg. 

In  sections  through  the  testis  the  gland  is  seen  to  be 
composed  of  numerous  follicles  which  are  closely  packed 
together.  Each  follicle  is  lined  by  epithelial  cells  which 
surround  a  central  cavity,  and  this  cavity  is  continuous 
with  that  of  the  vas  deferens.  In  an  early  stage  the  cells 
of  the  follicles  are  not  differentiated  and  are  quite  small. 
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Eventually  some  of  these  become  spermatoblasts  and 
increase  greatly  in  size.  Each  spermatoblast  gives  rise 
to  a  large  number  of  spermatozoa.  In  sections  through 
a  mature  testis  it  is  difficult  to  distinguish  the  follicles, 
as  the  cavities  of  the  latter  become  almost  obliterated  by 
the  growth  of  the  spermatoblasts.  When  the  spermatozoa 
are  ripe  they  break  free  and  are  carried  down  into  the 
vas  deferens.  Here  they  become  collected  together  in 
small  groups,  and  each  group  becomes  surrounded  by  a 
capsule  to  form  a  spermatophore. 

The  spermatozoa  (fig.  81)  are  non-motile.  They 
consist  of  a  central  dark  portion  containing  a  nucleus 
and  an  outer  clear  margin.  In  side  view  the  clear  margin 
is  seen  to  be  much  thinner  than  the  central  part  of  the 
cell,  and  has  the  appearance  shown  in  fig.  81.  The 
diameter  of  the  cell  is  about  6/i. 

The  presence  of  the  spermatophores  gives  rise  to  the 
white  appearance  so  characteristic  of  the  vasa  deferentia 
of  mature  male  crabs.  In  small  immature  crabs  the  vas 
deferens  is  narrow  and  almost  transparent,  due  to  the 
absence  of  spermatophores.  As  pointed  out  by 
Williamson,  **  the  condition  of  maturity  in  the  male  is 
the  presence  of  ripe  male  elements  in  the  vas  deferens.'' 
It  is  probable  that  most  male  crabs  above  4^  inches  in 
width  are  mature,  although  Williamson  has  given 
instances  of  male  crabs  attaining  maturity  at  a  much 
smaller  size. 

2.     Female  (fig.  77). 

The  abdomen  is  broad,  and  all  the  somites  are  freely 
movable.  There  is  one  pair  of  appendages  on  each  of  the 
second,  third,  fourth  and  fifth  somites.  After  the  ova  are 
spawned  they  are  attached  to  the  endopodite  setae  of  the 
abdominal  appendages.       The  external  genital  apertures 
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are  a  pair  of  large  openings  situated  on  the  sternum  of  the 
sixth  thoracic  somite.  The  thoracic  sterna  are  not  so 
concave  as  those  of  the  male,  and  the  abdomen  is  not  so 
closely  applied  to  the  thorax.  The  abdominal  locking 
apparatus  is  poorly  developed.  The  dorsal  side  of  the 
carapace  is  well  arched  in  the  mature  females,  and  the 
antero-lateral  border  of  the  carapace  is  not  upturned  as  in 
the  males. 

The  OYaries  (av.)  are  paired,  and  lie  in  a  similar 
position  to  the  male  reproductive  organs.  There  is,  how- 
ever, a  considerable  posterior  prolongation  of  each  ovary. 
As  in  the  male,  the  two  antero-lateral  portions  are 
connected  behind  the  pyloric  fore-gut  by  a  strand  of 
gonadial  tissue,  which  forms  a  bridge  over  the  mid-gut. 
Behind  this  transverse  connection  each  ovary  is  prolonged 
backward  as  a  narrow  strip,  which  extends  to  the  extreme 
posterior  end  of  the  thorax.  At  the  posterior  extremity 
the  two  prolongations  fuse  together  in  mature  specimens. 
These  backward  extensions  of  the  ovaries  occupy  a 
similar  position  to  the  vasa  deferentia  of  the  male ;  that 
is  to  say,  they  lie  above  the  hind-gut  and  below  the 
pericardium.  Beneath  the  anterior  end  of  the  latter  each 
posterior  branch  is  connected  on  its  outer  side  with  a 
large  sac,  the  spermatheca*  (spt,).  Each  spermatheea  is 
continued  into  a  short  ovidwi  (ovd,),  which  opens  to  the 
exterior  by  means  of  the  vulva  on  the  sternum  of  the 
sixth  thoracic  somite. 

The  condition  of  the  ova  in  the  ovary  naturally 
depends  upon  the  degree  of  maturity  attained  by  the 
gonads.  The  immature  gonads  are  small  and  pale,  and 
no  evidence  of  the  presence  of  eggs  can  be  detected  by  the 
naked  eye.     The  mature  gonads,  however,  fill  almost  the 

♦  In  young  crabs  the  spermatheea  is  extremely  small,  and  can 
only  be  made  out  with  difl&cultv. 
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whole  of  the  dorsal  side  of  the  cephalothorax.  They  are 
of  an  orange-red  colour,  and  the  separate  eggs  can  be 
readily  distinguished.  The  red  colour  is  due  to  the 
presence  of  the  food-yolk.  The  yolk  granules  form  the 
main  part  of  the  mature  ovum  (fig.  79).  With  regard  to 
the  condition  of  the  ovaries  between  two  processes  of 
ecdysis,  the  reader  is  referred  to  the  section  on  Bionomics. 

Copulation  takes  place  immediately  after  the  female 
has  cast,  and  while  it  is  still  in  a  soft  condition. 
Apparently  the  spermatozoa  burst  free  from  the  spermato- 
phores  as  soon  as  they  leave  the  vas  deferens.  In  the 
spermatheca  only  free  spermatozoa  are  found.  After 
copulation  the  cells  lining  the  spermatheca  secrete  a  fluid 
which  fills  the  cavity  of  the  oviduct.  This  secretion 
hardens  upon  contact  with  the  sea  water,  and  thus  the 
oviducts  become  effectively  plugged,  and  the  contents  of 
the  spermatheca  cannot  escape.  It  is  a  remarkable  fact 
that  the  spermatozoa  remain  inside  the  spermatheca  for 
many  months  before  they  fertilise  the  ova. 

The  eggs  are  spawned  in  the  winter.  Upon  reaching 
the  exterior,  each  egg  is  probably  surrounded  by  two 
membranes — an  inner  vitelline  membrane  and  an  outer 
chorion.  Between  the  two  is  a  perivitelline  space,  which, 
according  to  Williamson,  contains  a  fluid  possessing 
adhesive  properties.  The  eggs  become  attached  to  the 
endopodite  setae  of  the  abdominal  appendages.  The 
interesting  question  regarding  the  mode  of  attachment  of 
the  eggs  to  the  endopodite  setae  is  not  yet  conclusively 
settled.  Some  of  the  early  observers  believed  that  a 
sticky  substance  was  secreted  around  the  eggs  as  they 
were  being  shed.  This,  however,  would  not  explain  why 
the  eggs  become  attached  only  to  the  endopodite  setae. 
Ilerrick's*  explanation  is  that  the  tegumentary  glands  of 

•  Herrick.     "  The  Aniericau  Lobster,"  Bull.  U.S.  Fish  Com.,  1896. 
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the  endopodites  of  the  pleopods  secrete  an  adhesive  fluid. 
Williamson*  gives  a  detailed  explanation  of  the  method 
of  attachment.  He  suggests  that  the  endopoditic  seta 
penetrates  the  chorion  of  the  egg  in  two  places,  and  thus 
the  egg  becomes  skewered  on  the  seta.  The  piercing  of 
the  chorion  liberates  the  adhesive  perivitelline  fluid, 
which  assists  in  making  the  attachment  more  permanent. 
The  chorion  eventually  becomes  drawn  out  at  the  point  of 
attachment,  and  the  egg  appears  to  be  attached  to  the  seta 
by  a  stalk  (see  fig.  80). 

According  to  Williamson,  the  number  of  eggs 
attached  to  the  abdomen  mav  vary  from  half  a  million  in 
a  small  mature  female  to  three  millions  in  a  large  crab. 

Development. 

It  is  a  surprising  fact  that  the  development  of 
Cancer  pagurus  has  never  been  satisfactorily  investigated. 
The  internal  changes  do  not  appear  to  have  been  followed 
in  any  Brachyurous  embryos,  and  although  the  general 
characters  of  the  larval  developments  in  the  Brachyura 
are  well  known,  our  knowledge  of  these  stages  in  Cancer 
'pagurus  is  extremely  scanty. 

The  development  may  be  divided  into  three  stages — 
embryonic,  larval  and  post-larval. 

The  embryonic  development  takes  place  while  the 
embryo  is  attached  to  the  pleopods  of  the  female,  and, 
therefore,  extends  over  a  period  of  about  seven  months. 
The  internal  development  during  this  period  has  not  been 
investigated,  but  it  is  very  probable  that  the  Brachyura 
do  not  differ  from  the  Macrura  in  this  respect.  The  early 
development  has  been  thoroughly  investigated  in  the 
Macrura.t 

•  Williamson.    23rd  Report^  Scotch  Fishery  Board. 

t  See  Herrick,  P.  H.  * '  The  Development  of  the  American  Lobster, ' ' 
Johns  Hopkins  Univ.  Circ,  Vol.  IX,  1890,  No.  80. 

Beichenbach,  H.  "  Studien  zur  Entwicklmigsgesohiohte  des 
Flusskrebses/*  Ah.  Senkenberg.  Nat.  Gts.  Frankfurty  Bd.  XIV,  1886. 
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While  working  at  the  Biological  Station,  Heligoland, 
T  was  able  to  examine  the  early  larval  stages  of  Cancer. 
[  was  fortunate  enough  to  obtain  berried  crabs  on  which 
the  embryos  were  ready  for  hatching.  The  process  of 
hatching  lasted  several  hours,  and  during  this  time  the  crab 
assisted  by  moving  its  abdomen  backwards  and  forwards. 
The  last  walking  legs  were  also  used  for  the  purpose 
of  detaching  the  larvae  from  the  pleopods.  Unfortunately, 
I  was  not  successful  in  keeping  the  larvae  alive  longer 
than  the  first  zoea  stage. 

I  give  below  a  summary  of  the  characters  of  the 
lai-val  stages  of  the  Brachyura  in  general.  I  have 
utilised  the  results  of  other  investigators,*  and  have  also 
added  my  own  observations.  The  larval  stages  may  be 
divided  into  Protozoea,  Zoea  (four  kinds)  and  Megalopa. 

Protozoea  (PL  XIII,  figs.  83,  84).  Hatching  takes 
place  at  this  stage,  which  is  of  very  short  duration. 
There  are  no  frontal  or  dorsal  spines  present.  The  lateral 
spines  {sj}.  l.)  are  present  one  on  each  side  of  the  cephalo- 
thoracic  shield.  The  large  paired  eyes  are  present  ia  the 
head.  The  abdomen  is  well  defined,  but  only  five  somites 
and  the  telson  can  be  distinguished.  The  sixth  somite 
is  at  this  stage  fused  with  the  telson.  The  telson  is 
forked,  and  each  branch  bears  strong  spines  (fig.  84). 
All  the  cephalic  and  the  first  two  pairs  of  thoracic  limbs 
are  present.  The  antennule  is  blunt  and  consists  of  two 
segments,  of  which  the  distal  is  the  larger.  The  antenna 
consists  of  a  broad  basal  joint,  from  which  is  given  ofE  a 
short  pointed  process.  The  mandible  is  a  small  rounded 
outgrowth.     The  first  and  second  pairs  of  maxillae  are 

*  Williamson.  H.  C.  •»  On  the  Larval  and  Early  Stages  and  Rate 
of  Growth  of  the  Shore  Crab  (Carcinus  maenas),''  Tivenly-first  Annual 
Report,  Fishery  Board  for  Scotland,  p.  136. 

Korschelt  and  Haider.  Text  Book  of  Embryology  (Invertebrates, 
Part  II). 
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similar,  and  are  beginning  to  show  evidences  of  a 
biramose  structure.  The  first  and  second  pairs  of  maxilli- 
pedes  are  large  and  biramose.  The  protopodite  is  large. 
The  endopodite  and  exopodite  have  few  setae.  Towards 
the  end  of  the  protozoea  stage  the  cuticular  covering 
becomes  very  loose,  and  beneath  can  be  seen  the 
developing  organs  of  the  first  zoea  stage.  Chroma to- 
phores  are  present  at  the  sides  of  the  body. 

First  zoea  (PI.  XIII,  figs.  85,  8G,  87).  This  stage 
is  generally  seen  about  three  or  four  hours  after  hatching, 
and  probably  lasts  for  at  least  ten  days.  The  important 
difference  between  this  and  the  previous  stage  is  the 
presence  of  the  large  frontal  and  dorsal  spines.  The 
latter  is  about  half  as  long  as  the  body,  and  the  frontal 
spine  is  about  two-thirds  the  length  of  the  body.  Both 
are  tipped  with  a  red  pigment.  The  lateral  spines  are  well 
developed.  The  branched  chromatophores  are  well 
developed.  The  number  of  appendages  appears  to  be  the 
same  as  in  the  previous  stage,  but  they  are  more  highly 
developed.  Each  antennule  bears  a  group  of  setae 
at  its  tip.  The  antennae  and  both  pairs  of 
maxillae  are  biramose.  The  exopodites  of  the  maxilli- 
pedes  each  bear  four  long  setae.  The  third  maxillipedes 
and  the  pereiopods  and  the  associated  gills  are  present  as 
extremely  small  buds,  which  are  hidden  beneath  the 
cephalothoracic  shield.  The  pleopods  may  be  seen  for  the 
first  time  as  extremely  small  tubercles.  In  some  examples 
of  both  the  protozoea  and  the  first  zoea  there  was  a  pair  of 
tubercles  present  on  the  second  abdominal  somite.  The 
telson  differs  from  that  of  the  previous  stage  in  having 
two  extremely  long  posterior  branches. 

Zoea  stages  II,  III  and  lY.  I  have  not  been  able  to 
identify  these  stages  in  Cancer  pagurus,  but  in  Carcinus 
muenas  they  have  the  following  essential  characters.  They 
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are  very  similar  to  the  first  zoea  in  appearance.  Between 
the  two  branches  of  the  antenna  an  outgrowth  takes  place 
in  the  second  stages,  and  ultimately  developes  into  the 
long  flagellum.  The  maxillae  are  not  very  different  from 
those  of  the  first  stage.  The  setae  on  tlie  exopodites  of  the 
first  and  second  maxillipedes  increase  in  number  at  every 
stage.  The  last  six  pairs  of  thoracic  appendages  and 
their  gills  gradually  increase  in  size,  but  never  become 
functional  during  the  zoea  stages.  The  pleopods 
gradually  develop  until  at  the  fourth  stage  there  are  five 
pairs  present.  There  is  not  a  pair  present  on  the  sixth 
abdominal  somite  in  Carcinus.  At  the  third  stage  the 
sixth  abdominal  somite  becomes  separate  from  the  telsou. 
The  rostral  and  dorsal  spines  gradually  become  shorter. 

In  his  account  of  the  larval  stages  of  Cancer  irroratvs. 
Smith*  describes  the  following  characters  in  the  last  zoea 
stage:  Kostral  and  dorsal  spines  short.  The  abdominal 
legs  are  seen  as  stumpy  outgrowths.  The  third  maxilli- 
pede  is  well  developed,  but  the  other  posterior  thoracic 
appendages  do  not  project  below  the  edge  of  the  cephalo- 
thoracic  shield.     The  flagellum  of  the  antenna  is  present. 

Hegalopa  sta^e.  The  main  points  of  difference 
between  the  zoea  and  megalopa  are  as  follows: — The 
frontal  and  lateral  spines  disappear.  According  to 
Smith,  the  dorsal  spine  of  Cancer  irroraitts  persists  as  a 
small  backwardly-projecting  process.  The  carapace  is 
broader.  The  pereiopods  are  well  developed,  and  the 
gills  are  probably  functional.  The  pereiopods  are  never 
biramose  as  in  the  Macrura.  The  abdomen  is  macrurous, 
and  the  pleopods  are  used  for  swimming.  The  telson  is 
much  shorter,  and  loses  its  spines.  The  megalopa  is  still 
a  pelagic  stage.     Its  pereiopods,  however,  may  be  used  for 

♦  Smith,  S.    "  The  Invertebrate  Fauna  of  Vineyard  Sound,**  U.  S. 
Fish  Commisswn  Report,  1871-72  (published  1878). 
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walking  on  the  bottom.  The  hist  pereiopod  in  Carcimis 
maenas  and  Cancer  irroratus  has  a  tuft  of  setae  on  the 
dactylos.  According  to  Smith,  the  megalopa  stage  is 
very  short,  and  at  the  first  moult  it  changes  into  a  young 
adult. 

PoBt-larval  stages.  The  young  adult  differs  from  the 
megalopa  in  having  the  abdomen  tucked  beneath  the 
thorax.  It  is  no  longer  a  pelagic  animal,  but  lives  on  the 
bottom,  and  uses  the  htst  four  pairs  of  pereiopods  for  the 
purposes  of  locomotion.  As  pointed  out  by  Smith*  an(] 
Cunningham, t  the  early  post-larval  stages  differ  con- 
siderably from  the  larger  specimens.  The  carapace  is 
elongated  and  the  rostral  region  is  well  developed.  The 
lobes  of  the  antero-lateral  border  are  sharp.  Cunningham 
pointed  out  that  it  is  difficult  to  distinguish  the  early 
stages  of  Cancer  from  those  of  Atelecyvlus  heterodon.  At 
each  succeeding  moult  the  transverse  axis  of  the  carapace 
increases  more  rapidly  than  the  longitudinal  axis. 

-      ECONOMICS    AND    BIONOMICS.! 

The  main  features  in  the  life-historv  of  the  edible 
crab  mav  be  brieflv  summarised  as  follows:    - 

Cancer  pagunis  is  found  all  round  the  coasts  of  the 
British  Isles,  being  especially  abundant  on  the  rocky 
coasts.   The  size  at  which  maturitv  is  attained  is  variable, 

ft' 

but  most  crabs  above  five  inches  in  breadth  mav  be  said 
to  be  mature.     There  appear  to  be  no  records  of  large 

♦  Smith,     pp.  cit. 

t  Cunningham,  J.  T.  "  On  the  Early  Post-larval  Stages  of  the 
Common  Crab  {Cancer  pcigurus),  and  on  the  Affinity  of  that  species 
with  Atelecyclus  heterodon,''  Proc.  Zool.  Soc.,  1898,  Part  IT,  p.  204. 

*  For  further  information  on  these  subjects  see — 
Cunningham.     Cornwall  County  Council :  Report  of  the  Executive 

Cofnmittee  for  Fisheries,  1897-8.     Penzance*,  1898. 

Williamson.  Fishery  Board  for  Scotland  :  16th,  22wd,  and  23rd 
Annual  Reports. 

Wilson.     Northurnberlafid  Se^  Fisheries  Committee :  Reports  on 
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edible  crabs,  but  I  have  seen  several  specimens  in  shops 
having  a  carapace  breadth  of  about  twelve  inc^hes.  A  crab 
measuring  nine  inches  would  be  considered  a  large  one. 
The  crabs  are  captured  by  means  of  crab-pots  (**  creels/' 
Williamson;  **  creaves,"  Wilson),  which  are  baited  with 
fish.  In  Port  Erin  the  chief  fishing  season  is  from  March 
to  September,  but  the  crab  fishery  is  continued  through- 
out the  winter.  Generally  speaking,  the  chief  fishing 
season  in  the  British  Isles  lasts  from  the  early  spring  to 
the  autumn.  In  some  districts,  such  as  the  North-East 
of  England,  there  is  a  close  season. 

Fishermen  are  not  allowed  to  sell  crabs  below  four 
and  a  half  inches,  berried  crabs  or  soft  crabs,  but  these 
restrictions  do  not  hold  good  concerning  crabs  used  for 
bait.  Since,  in  some  parts  of  the  country,  crabs  are  used 
for  bait  to  a  large  extent,  these  laws  for  the  protection  of 
the  crab  fishery  to  some  extent  fail  in  their  purpose. 
The  size  limit  may  be  increased  at  the  discretion  of  the 
local  committees.  In  the  Lancashire  District  the 
minimum  size  is  five  inches. 

In  the  summer  the  mature  crabs  frequent  the  inshoi-e 
waters,  and  in  the  winter  they  occur  in  the  deeper  off-shore 
waters.  The  immature  crabs  do  not  take  part  in  this 
annual  migratory  cycle.  The  mature  crabs  cast  in  the 
autumn,  and  the  females  are  fertilised  when  "  soft." 
Spawning  takes  place  in  the  deeper  water  in  winter.  The 
larvae  are  hatched  in  the  following  summer  in  the  inshore 
waters.       Wilson  is  of  the  opinion  that  the  **  berried  " 

the  Crab  Fishery,  1893  and  1896.  Also  Proc.  R.  Soc.  Xdin.,  Vol.  XX, 
1894.  p.  809. 

Meek.     Northumberland  Sea  Fisheries  Committee,  1897-1906. 

Buckland,  Walpole  and  Young.  Reports  on  the  Crab  and  Lobster 
Fisheries  of  England  and  Wales,  of  Scotland,  and  of  Ireland 
[C.  1696],  1877,  p.  66. 

Statistics  regarding  the  crab  fishery  may  be  obtained  from  the 
various  Annual  Reports  of  Inspectors,  Sea  Fisheries  (England  and 
Wales). 
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crabs  feed  very  little,  and  he  records  instances  of  such 
crabs  being  covered  with  sand.  Williamson's  observa- 
tions appear  to  support  this  statement. 

Baudouin*  gives  an  interesting  account  of  how  tin; 
phenomenon  of  autotomy  is  utilised  by  the  fishermen  of 
Southern  Spain.  The  common  edible  crab  of  that  region 
is  Gdasimus  tangeri.  When  the  crabs  are  captured  the 
large  claws  are  removed  up  to  the  fracture  plane,  and  the 
crab  is  put  back  in  the  water.  Only  the  claws  are  sent  to 
market,  the  crab  being  returned  to  the  sea  to  grow  new 
ones. 

The  statistics  published  annually  by  the  Fishery 
Inspectors  for  England  and  Wales  are  very  scanty,  and 
appear  to  have  but  little  value  in  the  elucidation  of  the 
numerous  problems  connected  with  the  natural  history 
of  the  edible  crab. 

I  give  below  a  summary  of  the  figures  published  in 
the  Annual  Rei)orts  of  the  Fishery  Inspectors  for  England 
and  Wales  since  1887,  merely  giving  the  total  number  of 
crabs  caught  in  each  year  and  their  approximate  value. 


Year. 

Total  Number. 

Approximate  Value. 

1887-1897  (average) 
1898     

4,669,861 
5,628,114 
4,918,184 
5,177,350 
5,325,974 

4,923,536 

£55,082 
£67,895 

1899     

£62,494 

1900     

£56,822 

1901     

£58,743 

1902     

1903     

£54.327 

1904     

4,580,318        i            £52,556 

1905     

5,106,345                   £59,479 

1906     

*  Baudouin,  M.      "  Utilisation  dc  Tautotomie  chez  uu  Crabe.** 
Revut  scientifique  (Ser.  V),  T.  VI,  No.  10. 
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Through  the  kindness  of  Dr.  Jenkins,  Superinten- 
dent of  the  Lancashire  and  Western  Sea  Fisheries 
District,  I  am  able  to  give  the  following  statistics  dealing 
with  crabs  landed  in  that  Sea  Fisheries  District  during 
the  years  1900  to  1906,  inclusive :- 


New  < 

Quay. 

Aberdovey. 

Pwllheli. 

Holyhead. 

Liverpool. 

Yejir 

No. 

£'8. 

No. 

£*8. 

No. 

£'8. 

No. 

rs. 

No. 

£'8. 

1900      — 

1 
6.000 

180 

600 

6 

1901       — 

— 

2,000, 

60 

800 

8 

— 

1902       — 

— 

10,204 

112 

1,100 

11 

1903 

11.143, 

135 

1,000 

11 

600         5 

1904      50 

1 

10,710 

125 

615 

6 

900 

8 

1905       40 

2 

8,851, 

109 

760 

8 

466 

6 

1906    509 

11 

435 

7 

9,347 

1 

113 

800 

8 

The  crabs  returned  aa  having  been  landed  at 
Liverpool  were  certainly  not  caught  in  that 
District. 

The  Harbour  Master  of  Port  Erin  has  kindly 
provided  me  with  the  following  figures,  which  give  the 
number  of  crabs  captured  by  the  Port  Erin  fishermen 
during  the  years  1904-5-6  :  — 


1904. 


1905. 


January 
February 

March 

April    

May     

June    

July     

August    . . . 
September 
October  ... 
November 
December 


1906. 


} 

• 

800 

1,200 

• 

3,400 

2,200 

7,000 

1,    6,500 

4,000 

7,500 

8,000 

6,500 

7,500 

9,400 

7,000 

6,100 

5,000 

4,000 

7,000 

'       6,500 

7,000 

6,000 

1       2,000 

5,500 

3,000 

,       2,000 

2,500 

1,600 

1,500 

2,500 

500 

400 

300 

1,200 

800 

300 

47,400* 

46,300 

43,000 

*  The  figures  for  January  and  February  aro  not  given. 
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Fishery    regulations.* 

In  section  8  of  the  Fisheries  (Oysters,  Crabs  and 
Lobsters)  Act  (40  &  41  Vict.  ch.  42),  the  following  restric- 
tions are  imposed :  — 

A  person  shall  not  take  or  sell :  — 

(1)  Any  edible  crab  which  measures  less  than  four 
inches  and  a  quarter  across  the  broadest  part  of  the  back. 

(2)  Any  edible  crab  carrying  spawn. 

(3)  Any  edible  crab  which  has  recently  cast. 
Such  crabs  mav,  however,  be  used  for  bait. 

In  the  Lancashire  and  Western  Sea  Fisheries 
District  the  minimum  legal  size  has  been  raised  to  five 
inches.  (Bye-law  256 :  *  No  person  shall  remove  from  a 
fishery  any  edible  crab  measuring  less  than  five  inches 
across  the  broadest  part  of  the  back.'*) 

Size    of     c^rabs     at     maturity. 

ft 

Female. — There  appears  to  be  some  difference  of 
opinion  with  regard  to  the  size  at  which  the  female 
becomes  mature.  Wilson t  had  reason  to  believe  that  on 
the  J^'orthumberlaud  Coast  the  size  of  maturity  is  about 
six  inches.  Williamson's!  investigations,  on  the  other 
hand,  show  that  the  crabs  of  the  east  coast  of  Scotia .ntl 
become  mature  when  about  four  and  a  half  inches  in 
width.  I  have  examined  crabs  from  Port  Erin  which 
had  been  fertilised  when  about  this  size.  It  is  probable 
that  a  crab  is  mature  -when  it  has  attained  a  size  of 
four  and  a  half  inches,  but  in  many  cases  fertilisation  may 
not  l>e  effected  until  after  the  next  casting.     There  is  no 

*  For  a  discussion  on  this  subject  read  Williamson,  18//(  Annual 
Report^  p.  134.  Other  literature  on  this  point  is  given  by  him  on 
p.  78  of  the  same  report. 

t  Wilson.  Northumberland  and  Sea-Fisfierics  Committee^  1893, 
1896  ;  Proceedings  iioyal  Society,  Edinburgh,  1892-3,  p.  309. 

J  Williamson.     Eighteenth  Report,  p.  77. 
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doubt  that  many  crabs  do  not  bear  their  first  batch  of  eggs 
until  attaining  a  size  of  six  inches. 

3/^//^.-    Tlie  male  crabs  evidently  attain  maturity  at 

»■  •- 

a  smaller  size  than  is  the  case  in  the  females.  Probably 
all  males  above  four  and  a  half  inches  are  mature,  and 
Williamson  has  found  mature  males  below  this  size. 

Fertilisation  takes  place  in  the  inshore  waters  during 
the  late  summer  and  autumn,  and  is  effected  immediately 
after  the  female  has  cast.  The  one  supply  of  spermatozoa 
is  probably  sufficient  for  two  successive  batches  of  eggs, 
and  even  three  in  the  older  crabs.  The  spermatozoa 
remain  in  the  spermathocae,  and  the  entrances  to  the 
latter  are  closed  by  plugs,  which  are  probably  formed  by 
a  secretion  from  the  walls  of  the  spermathecae  which 
hardens  in  contact  with  water. 

The  spawning  of  the  eggs  is  effected  in  the  deeper  oft'- 
shore  waters  during  the  winter.  The  eggs  are  attached 
to  the  endopoditic  setae  of  the  pleopods,  and  remain  there 
until  the  following  summer,  when  they  are  hatched  in  the 
inshore  waters. 

The  crab  probably  does  not  cast  after  the  larvae  are 
hatched,  but  a  second  batch  of  eggs  are  spawned  in  the 
following  winter  in  the  oft'shore  waters.  As  with  the 
first  batch,  the  developing  embryos  will  be  retained  on  the 
abdominal  appendages  until  the  following  summer,  when 
the  hatching  process  will  again  take  place  in  the  inshore 
waters.  After  the  second  hatching  the  female  probably 
casts,  and  is  fertilised. 

The  developing  embryos  probably  remain  attached  to 
the  pleopods  for  about  seven  months.  The  various  zoea 
stages  and  the  megalopa  stage  may  extend  over  a  period  of 
two  months,  but  our  knowledge  of  the  larval  stages  of 
Cancer  is  remarkably  scanty.  It  is  probable  that  the 
larvae  hatched  at  the  end  of  June  will  be  in  the  first 
adult  stage  about  the  end  of  August. 
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DiSTKIBUTTON    AM)    MIGRATION. 

According  to  Williamson,*  the  crabs  after  the  larval 
stages  may  be  placed  in  four  different  groups  according 
to  their  distribution. 

Grouj)  I  includes  the  young  stages  up  to  ^-inch  in 
breadth.  These  are  probably  restricted  to  the  shallow 
shore  waters. 

Grauj)  II  includes  the  crabs  found  on  the  beach 
between  tide-marks.  From  |-inch  to  2^  inches  in  breadth. 

GroujJ  III  includes  the  crabs  living  in  the  littoral 
waters  beyond  low-water  mark.     From  2^  to  4  inches. 

Group  IV  includes  all  the  crabs  above  4  inches  in 
breadth.  These  crabs  are  mostly  mature,  and  migrate 
from  the  inshore  waters  in  the  summer  to  the  deeper 
offshore  waters  in  the  winter. 

With  regard  to  Group  I,  my  own  observations 
confirm  those  of  Williamson.  In  the  spring  and  summer, 
when  small  specimens  of  Cancer  must  be  very  abundant, 
they  are  very  rarely  found  between  tide-marks.  On  the 
other  hand,  they  are  frequently  taken  in  the  dredge  close 
to  the  shore. 

The  migration  of  the  mature  crabs  has  been  long 
known  to  fishermen,  and  our  knowledge  with  regard  to 
this  subject  is  now  fairly  complete,  thanks  to  the  work  of 
Williamson,  Meek  and  others.  Only  the  crabs  of 
Group  IV  are  concerned  in  the  migration,  which  may  be 
divided  into  an  offshore  migration  in  the  autumn  and  an 
inshore  migration  in  the  spring.  Both  hard  and  soft 
crabs  begin  to  move  outward  into  the  deeper  water  in 
September  (see  Text  fig.  1'^).  The  extreme  depth  to 
which  they  travel  must  necessarily  vary  with  the  locality, 
but  it  is  generally  between  twenty  and  thirty  fathoms. 

*  Williamson.     Eighteenth  Annual  Report. 
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The  crabs  probably  stay  in  the  offshore  waters  from 
December  to  February,  and  it  is  here  that  the  females 
spawn.  The  inshore  migration  begins  in  February,  and 
in  May  the  bulk  of  the  crabs  are  probably  back  in  the 
inshore  waters  again.  The  hatching  of  the  larvae  takes 
place  in  the  warm  inshore  waters,  and  casting  process  is 
performed,  and,  in  the  case  of  the  females,  fertilisation  is 
effected  immediately  after  ecdysis.  In  the  autumn  the 
offshore  migration  again  commences,  and  the  cycle  is 
repeated. 

kishoTt  miaratim 

kfnl  March 

February 


tunt 
Hidduna  tinu 
Coding  tirru 


Dtcember 
N(mmhtr 


Ofjikon  mumUon 


Fio.  13. — Diagram  illustrating  the  annual  migratory  cycle  of  mature 
crabs.  The  three  processes — casting,  spawning  and  hatching — 
probably  do  not  take  place  in  one  cycle. 

It  must  be  remembered,  however,  that  in  the  mature 
female  crab  casting  and  fertilisation  in  the  autumn  is  not 
necessarily  followed  by  spawning  in  the  same  winter. 
Furthermore,  casting  will  only  take  place  once  in  two  or 
three  years.  But  when  spawning  does  take  place  it  is  in 
the  offshore  waters,  and  the  hatching  is  always  in  the 
inshore  waters. 

As  suggested  by  Williamson,   the  main  reason  for 
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this  regular  migration  is  the  influence  of  temperature. 
In  the  winter  the  deeper  layers  of  the  offshore  waters  are 
warmer  than  the  inshore  waters,  and  hence  the  former 
are  most  suitable  for  the  spawning  time.  In  the  summer 
the  shallower  inshore  waters  become  much  warmer,  and 
here  the  young  larvae  are  hatched.  It  is  also  reasonable  to 
suppose  that  the  warm  water  of  the  inshore  regions  is 
specially  favourable  for  the  somewhat  critical  period  of 
casting.  The  necessity  for  food  may  also  have  an 
important  bearing  on  the  yearly  migration. 

I  give  below  a  summary  of  the  life-history  of  an 
adult  female  crab  between  two  successive  processes  of 
ecdysis.  The  condition  of  the  gonads  at  the  various  stages 
is  discussed.  In  the  example  given,  it  is  assumed  that 
the  crab  did  not  spawn  in  the  winter  following  fertilisa- 
tion. The  period  elapsing  between  fertilisation  and  the 
first  spaw^ning  appeara  to  depend  altogether  on  the 
condition  of  the  gonads.  As  a  rule,  the  ovary  is  very 
small  and  pale  when  ecdysis  takes  place,  and  in  such  a 
circumstance  the  eggs  cannot  possibly  be  ready  for 
spawning  in  the  course  of  three  or  four  months. 
Consequently  the  eggs  are  not  shed  until  the  second 
winter,  i.e.  fourteen  months  after  fertilisation.  In  some 
crabs  the  ovary  is  fairly  ripe  when  ecdysis  takes 
place,  and  in  such  cases  the  eggs  will  probably  be 
extruded  in  a  few  months. 

First  Year.     September — The  crab  casts  and  is  fertilised. 

It  then  migrates  to  offshore  waters  for  the  winter. 
It  returns  to  inshore  waters  in  the  spring  of  the  second 
year.  In  the  following  autumn  offshore  migration  again 
takes  place. 

Condition  of  ovary.  At  first  it  is  poorly 
developed  and  pale  in  colour,  and  the  eggs  are  without 
food-yolk.     The  ovary  gradually  ripens,  first  becoming 
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pink  in  colour  and  finally  a  bright  orange.  This  change 
in  colour  is  due  to  the  development  of  food-yolk.  The 
eggs  first  become  yolked  in  the  spring  of  the  second 
year. 

Seoond  Year.    December — Eggs  extruded  {first  spawning). 

When  the  spawning  takes  place  the  crabs  are  in  the 
deeper  offshore  waters.  In  the  spring  of  the  third  year 
the  inshore  migration  commences. 

Condition  of  ovary.  Immediately  before 
spawning  the  eggs  are  large  and  of  a  bright  orange 
colour,  due  to  the  food-yolk.  After  the  extrusion  of  the 
eggs  the  ovary  is  shrunken  and  of  a  pale  colour.  The 
majority  of  the  eggs  are  small  and  without  food-yolk. 
There  may  be,  however,  a  few  ripe  eggs  present  which 
have  failed  to  escape  to  the  exterior.  As  the  spring 
advances  the  eggs  gradually  become  more  mature,  and 
present  a  pinkish  colour. 

Third  Year.    July — First  hatching  takes  place. 

In    the    autumn    of    the    third    year    the    offshore 

migration  again  takes  place. 

Condition     of     ovary.     At   the  time  of  the 

first  hatching  the  ovary  is  generally  of  a  red  colour,  and 

the  eggs  are  about  half  ripe. 

Third  Year.     Deoember — Eggs  extruded  (second  spawning)* 
During  spawning  time  the  crab  is   in  the  offshore 

waters.       In  the  spring  of  the  fourth  year  the  inshore 

migration  commences. 

Condition     of     ovary.     Very  similar  to  the 

appearance  at  the  time  of  the  first  extrusion. 

Fourth  Year.    July — Second  hatching  takes  place. 
The  crab  is  now  in  the  inshore  waters. 

•  WilliamBon  gives  instances  in  which  the  second  spawning  did 
not  take  place  for  about  fifteen  months  after  the  first  hatching.  It  is 
difficult  to  say  whether  this  is  of  regular  occurrence. 
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Condition  of  ovary.  During  the  sprin^^ 
and  summer  the  ovary  remains  unusually  small,  and  has 
a  pale  colour.  The  eggs  are  mostly  small  and  without 
yolk. 

Foarth  Year.    September — The  crab  casts  and  is  fertilised. 

During  these  processes  the  crab  is  in  the  inshore 
waters.  Immediately  after  fertilisation  the  offshore 
migration  will  commence,  and  the  whole  of  the  above 
history  will  be  repeated. 

Condition  of  ovary.  Similar  to  that  at  the 
first  casting. 

Bionomics  of  Ecdysis. 

As  already  seen,  the  growth  of  the  crab  can  only  take 
place  by  the  exuviation  of  hard  shell  or  exoskeleton. 
Immediately  after  ecdysis  has  taken  place  the  body-  now 
covered  by  a  soft  flexible  membrane — increases  consider- 
ably in  size.  In  the  mature  female  fertilisation  is  also 
effected  while  the  crab  is  soft.  The  soft  crabs  are  not  tit 
for  food,  and  it  is  illegal  to  expose  them  for  sale  when  in 
this  condition. 

Season    of    casting. 

The  young  crabs  cast  at  various  times  of  the  year,  but 
after  the  third  year  ecdysis  generally  takes  place  in  the 
autumn.  According  to  Williamson,  the  main  casting 
period  on  the  East  Coast  of  Scotland  is  from  July  to 
September,  but  it  may  be  extended  to  December.  From 
August  to  November  appears  to  be  the  chief  casting  time 
in  the  Isle  of  Man.  The  casting  is  effected  in  the  warmer 
inshore  waters.  The  hardening  process  in  the  mature 
crab  lasts  from  three  to  five  months,  according  to 
Williamson. 
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Rate    of    Growth. 

From  the  evidence  obtained  bv  Williamson  and 
Waddington,  and  also  from  observations  taken  in  the 
course  of  the  present  work,  it  would  appear  that  the  rate 
of  growth  varies  considerably.  For  example,  in  a  series 
of  seventeen  crabs  measured  in  Heligoland  I  found  that 
the  fraction  of  increase  varied  from  ^  to  -^  (see  table 
on  p.  882).  In  W&ddington's  Beries  published  by 
Williamson*  the  fraction  varied  from  |  to  ^,  and  in  the 
table  published  by  Williamsont  the  ratio  of  increase 
varies  from  ^  to  ^.  But,  speaking  generally,  it  may  be 
said  that  this  ratio  is  between  ^  and  \. 

It  is  not  surprising  that  this  rate  of  growth  should 
be  a  variable  one.  The  main  factors  to  be  considered  are 
probably  the  general  health  of  the  animal  (i.e.  the 
condition  of  the  tissues)  the  amount  of  food,  the  purity  of 
the  water  and  the  temperature  of  the  water,  and  many 
other  causes.  Any  one  of  these  factors  would  alone  be 
capable  of  affecting  very  considerably  the  rate  of  growth. 

I  give  a  table  (p.  382)  showing  the  rate  of  increase  in 
seventeen  different  crabs.  These  measurements  were 
taken  from  specimens  in  the  Nordsee  Museum,  Heligo- 
land, by  kind  permission  of  the  Director,  Professor 
Ileincke. 

Frequency    of    casting. 

Speaking  generally,  it  may  be  said  that  in  the 
younger  stages  trhe  moult ings  are  frequent,  but  that  as 
the  crab  grows  older  the  period  between  each  process  of 
ecdysis  and  the  next  becomes  longer. 

In  the  earliest  stages  the  frequency  of  casting  differs  in 

•  WilliamsoD.     Tuenty-second  Annual  Report ^  Fishery  Board  for 
Scotland^  p.  135. 

t  Williamson.      Eighteenth  Annual  R^ort,  Fi$)iery  Board  for 
Scotland^  p.  110  (see  also  Twenty-second  Report,  p.  122). 
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a  marked  degree  iu  individuals  of  the  same  approximate 
age.     As  stated  above,   the   hatching  period   lasts  from 


.... 

. 
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9-75 
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40 

17 

12-80 

15-50 

1 
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June   to   August.     The  "  early  ''   larvae,   therefore,    will 
have  a  considerable  advantage  over  the  ''  late  "  larvae. 
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Consequently,  the  early  crabs  will  probably  cast  eight  or 
nine  times  before  the  following  summer,  while  the  late 
crabs  may  have  cast  only  five  times.  There  will,  also,  be 
a  corresponding  difterence  in  size. 

It  will  be  realised,  therefore,  that  it  is  quite 
impossible  to  state  the  age  of  a  crab  with  any  degree  of 
certainty.  The  size  of  the  crab  not  only  depends  upon 
the  frequency  of  casting,  but  also  upon  the  ratio  of 
increase  at  each  act  of  ecdysis.  As  we  have  already  seen, 
both  these  factors  are  subject  to  a  considerable  amount  of 
variation.  The  most  valuable  information  on  this  point 
is  to  be  obtained  from  continued  observations  of  crabs 
kept  in  an  aquarium.  This  has  been  done  to  a  certain 
extent  by  Mr.  Waddington,  of  Bournemouth.  But,  even 
in  such  cases,  we  are  not  justified  in  establishing  any 
broad  principles  on  the  results  obtained.  In  the  first 
place,  there  is  no  doubt  that  captivity  affects  the  frequency 
of  casting.  There  is  also  the  same  difficulty  that  obtains 
amongst  crabs  living  amongst  natural  conditions,  viz., 
that  ratio  and  frequency  of  casting  vary  in  individual 
crabs.  This  is  dem(mstrated  quite  clearly  by  an  examina- 
tion of  Waddington's*  three  series,  in  which  both  factors 
varv  considerably. 

But  in  spite  of  the  impossibility  of  forming  any 
definite  laws  with  regard  to  the  frequency  of  casting,  a 
careful  examination  of  all  the  available  facts  and  figures 
enables  one  to  give  a  general  outline  of  the  life-history  of 
Cancer  with  regard  to  this  particular  point. 

I  propose,  therefore,  to  give  such  an  outline,  but,  in 
doing  so,  I  must  emphasise  what  I  have  already  said — 
that  we  are  dealing  with  factors  which  are  by  no  means 
constant. 

I  intend  taking  a  purely  hypothetical  case,  utilising, 

♦  Williamson.     Twenty-second  Annual  Report^  p.  136. 
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however,  the  stages  of  AVaddington's  Series  A  for  the 
first  two  years. 

First  year.  The  larva  was  probably  hatched  in 
June.  During  the  first  year  the  crab  cast  eight  times, 
and  at  the  end  of  the  first  year  (June  to  June)  it  was 
30*75  mm.  broad. 

Second  Tear.  The  crab  cast  twice  (September  and 
March),  and  was  4575  mm.  broad  at  the  end  of  its  second 
year.  (In  the  first  two  years  the  ratio  of  increase  varied 
considerably.  It  will  also  continue  to  vary  throughout 
life,  but  for  practical  purposes  I  intend  taking  the  ratio 
of  increase  to  be  uniformly  J,  which  is  an  average  ratio.) 

Third  year.  There  will  probably  be  two  castings,  so 
that  at  the  end  of  the  year  the  crab  will  be  70*6  mm. 
broad. 

Fourth  year.  There  will  be  only  one  ecdysis.  At 
the  end  of  the  year  the  crab  will  be  88  mm.  broad. 

Fifth  year.  Only  one  casting.  Size  at  the  end  of 
the  year,  110  mm.  The  crab  will  now  be  mature,  and  if 
a  female  will  probably  be  fertilised  while  in  the  '*  soft  " 
condition. 

Sixth  year.     The  crab  will  not  cast.* 

Seventh  year.  The  crab  will  cast  once,  and  will  be 
137*5  mm.  in  width  after  ecdvsis.  Fertilisation  will 
again  be  eflfected  when  the  crab  is  **  soft." 

Eighth  year.     The  crab  will  not  cast. 

Ninth  year.  The  crab  will  cast,  and  after  ecdysis 
will  be  171*8  mm.  broad.  Fertilisation  will  take  place 
immediately  after  ecdysis. 

I  believe  it  to  be  highly  probable  that  after  the 
female  crab  attains  a  size  of  six  inches  (150  mm.)  ecdysis 
will  only  take  place  once  in  three  years  (see  below  under 

*  There  is  every  reason  to  believe  that  after  attaining  maturity 
the  crabki  only  oast  once  in  two  years. 
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'*  Granny  "  Crabs).     If  a  male,  it  will  probably  cast  once 
in  two  years. 

FntST  Tear. 


Number  of  Casting    ... 
Width  in  mm 

1 
4-75 

(i) 

2 

5-75 

(i) 

3 

8-5 

(*) 

4 
10-75 

(f) 

5 
14-5 

(1) 

6 
19-5 

7 
24-5 

(1) 

8 
30-75 

Width  in  inches 

(li) 

Second  Year. 

Third 

Tear. 

Number  of  Casting     

Width  in  mm 

9 
36-5 

(H) 

10 
45-75 

(li) 

11 
56-5 

(2i) 

12 
70-6 

Width  in  inches  

(2i) 

Fourth  Year.     Fifth  Tear.      Sixth  Tear. 


Number  of  Casting 
Width  in  mm. 
Width  in  inches  ... 


Did  not  cast 


Seventh  Year.     Eighth  Year.     Ninth  Year. 


Number  of  Casting 
Width  in  mm. 
Width  in  inches  ... 


16 
171-8 
(6i) 


Tenth  Year.  Eleventh  Year.    Twelfth  Year. 


Number  of  Casting 

Did  not  cast 

Did  not  cast 

17 

Width  in  mm. 

— 

— 

214-7 

Width  in  inches  . . . 

— 

m 

1^- 

1 

, 

The  approximate  calculations  given  above  do  not 
lend  support  to  AVilliamson's  statement  that  "  a  crab  of 
four  and  a  quarter  inches  across  would  be  not  less  than 
three  years,  nor  probably  more  than  four  years  old." 
Even  if  we  take  a  ^lowth  ratio  of  one-third,  which  is 
rather  high,  we  find   tliat  tlie  crab  would  not  reach  the 
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size  of  four  and  a  quarter  inches  until  the  fourth  year  at 
the  earliest. 

There  is  abundant  evidence  to  show  that  the  adult 
male  and  female  crabs  do  not  cast  every  year,  but 
probably  only  once  in  two  years.  There  appears  to  be 
little  doubt,  moreover,  that  in  the  older  crabs  ecdysis  may 
take  place  less  frequently  than  once  in  two  years,  and 
AVilliamson  has  given  several  instances  of  crabs  in  which 
the  shell  is  undoubtedly  more  than  two  years  old.  In  the 
Nordsee  Museum,  Heligoland,  there  is  a  female  Cancer, 
with  a  carapace  breadth  of  17  cm.,  having  attached  to  the 
shell,  an  Anomia  5'8  cm.  in  width. 

Although  there  appears  to  be  a  stage  in  the  life- 
history  of  Cancer  after  which  ecdysis  is  only  triennial,  no 
attempt  has  been  made  to  determine  at  which  period  the 
change  from  a  biennial  to  a  triennial  growth  takes 
place. 

Such  an  investigation  presents  innumerable 
difficulties,  and  the  only  way  in  which  the  problem  can  be 
satisfactorily  solved  is  either  by  having  large  crabs  under 
observation  in  captivity  for  many  years,  or  by  the  careful 
analysis  of  a  great  number  of  exact  measurements  made 
for  the  purpose.  Neither  of  these  methods  has  been 
followed,  and  although  AVilliamson  has  been  able  to 
gather  a  mass  of  extremely  useful  information,  his 
statistics  do  not  appear  to  be  of  much  value  in  the 
elucidation  of  this  particular  problem. 

Our  present  knowledge  with  regard  to  the  frequency 
of  casting  may  be  briefly  summarised  as  follows.  In  the 
early  stages  the  young  crab  casts  frequently.  As  it  grows 
older  the  periods  between  successive  castings  become 
longer,  and  it  is  probable  that  after  reaching  maturity 
both  males  and  females  cast  only  once  in  two  years. 
There  is  scattered  evidence  to  show  that  many  large  craba 
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cast  less  frequently  than  once  in  two  years,  and  a  stage  is 
ultimately  reached  when  the  crab  ceases  to  cast. 

It  is  my  belief  that  after  attaining  a  size  of  about  six 
inches  carapace  breadth  the  females,  as  a  general  rule, 
only  cast  once  in  three  years,  but  that  the  males  continue 
to  cast  biennially  for  a  considerably  longer  period.  It 
must  be  admitted  that  the  figures  on  which  this 
suggestion  is  based  are  not  sufficiently  large  to  warrant 
any  conclusive  statements  on  the  subject.  So  that, 
although  I  feel  that  my  explanation  is  a  reasonable  one, 
and  is,  furthermore,  supported  by  many  facts,  I  bring  it 
forward  merely  as  a  provisional  hypothesis.  I  further 
recognise  that,  just  as  in  the  case  of  the  younger  stages, 
there  can  be  no  rigid  law  regarding  the  frequency  of 
casting.  It  is  quite  possible  that  many  males  over  six 
inches  cast  less  frequently  than  once  in  two  years,  and 
that  many  females  above  this  size  may  cast  biennially.* 

"  Granny  "  Crabs. 

The  assumption  that  female  crabs  above  six  inches 
cast  only  once  in  three  years  was  first  suggested  to  me 
when  examining  into  the  nature  of  "  granny "  crabs. 
This  name  is  given  by  the  fishermen  of  Port  Erin  to 
crabs  occurring  in  the  late  summer  and  early  autumn 
which  have  dirty  and  discoloured  shells  and  broken  claws. 
These  crabs,  if  eaten,  have  a  bitter  taste  and  a  powerful 
])urgative  eflfect.  The  fishermen  believe  they  are  diseased 
crabs,  and  always  kill  such  when  captured.  There 
appears  to  be  no  adequate  reason  for  believing  that  these 
crabs  are  diseased.  The  fact  that  they  occur  in  consider- 
able numbers  every  year  during  the  late  summer  and 
early  autumn  is  sufficient  to  render  this  suggestion 
doubtful.    The  general  condition  of  these  crabs  leads  me 

♦  Williamson  has  pointed  ont  thai  if  the  soft  matnre  female  fails 
to  be  fertilised,  it  will  probably  cast  again  in  the  following  year. 
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to  believe  that  they  are  merely  crabs  ready  for  casting.* 
Mr.  T.  N.  Cregeen,  of  the  Biological  Station,  Port 
Erin,  kindly  examined  and  measured  for  me  a  number  of 
crabs  during  the  summer  of  1907.  The  table  inserted 
below  gives  a  summary  of  the  results  obtained. 

One  thousand  and  ninety-four  crabs  were  examined, 
and  of  this  number  318  were  males  and  the  remainder 
females.  Of  the  776  females,  112  were  "  grannies."  It 
will  be  observed  that  there  are  no  male  "  grannies  "  in  the 
list,  and  that  practically  the  whole  of  the  female 
**  grannies  ''  are  six  inches  or  more  in  width.  General 
information  from  Port  Erin  bears  this  out.  Male 
**  grannies "  and  small  female  **  grannies  ''  are  almost 
unknown. 

Crabs  obtained  between  the  Calf  of  Man  and  Bradda 
Head,  Port  Erin,  during  the  summer  (July  to  September) 
of  1907. 


Greatest  breadth 

of  Carapace 
(in  inches). 

Males. 

Females. 

TotoL 

Normal.        "  Granny." 

3i-4 

— 

2 

— 

2 

4— 4i 

27 

16                — 

43 

4i— 5 

63 

31 

91 

5  — 5i 

67 

90 

157 

5i— 6 

54 

153 

3 

210 

6      6^ 

38 

164                18 

220 

6f-7 

23 

100                36 

159 

7-7i 

16 

58 

31 

105 

7i-8 

15 

30 

19 

64 

8  — 8i 

13 

14 

4 

31 

8i— 9 

1 

6 

1 

8 

9  — 9i 

1 

-^ 

1 

Totals 

318 

664 

112 

1.094 

*  In  **  granny  "  crabs  that  I  have  examined  there  has  been  a  well- 
defined  cuticle  beneath  the  hard  exoskeleton.  This  condition  is 
found  in  crabs  preparing  for  ecdysia. 
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As  already  stated,  mature  crabs  generally  cast  from 
August  to  November,  and  immediately  before  and  after 
ecdvsis  their  flesh  is  "  watery  "  and  has  a  bitter  taste,  and 
is,  therefore,  unfit  for  food.  The  above  symptoms  are 
also  characteristic  of  the  **  granny  "  crab. 

**  Grannies  '  are  found  only  amongst  females  above 
six  inches  in  breadth.  The  explanation  of  this  is  that 
those  females  below  this  size  do  not  retain  their  shells 
long  enough  for  the  latter  to  acquire  the  discoloured  and 
broken  appearance.  An  interval  of  two  years  between 
successive  castings  is  evidently  insufficient  to  produce  this 
effect. 

This  diminution  in  the  frequency  of  casting  in  the 
females  above  six  inches  may  be  due  to  the  general  rule 
that  as  the  crab  grows  older  the  period  between  successive 
castings  tends  to  become  longer  until  a  time  is  reached 
when  ecdysis  ceases  altogether.  But  this  explanation 
does  not  appear  to  be  sufficient  to  account  for  the  supposed 
difference  between  males  and  females  in  this  respect.  An 
important  factor  in  determining  the  time  of  casting  is  the 
condition  of  the  reproductive  organs.  Ecdysis  will  not 
take  place  in  the  female  so  long  as  there  is  a  supply  of 
spermatozoa  in  the  spermathecae.  The  supply  of 
spermatozoa  received  by  the  soft  female  is  generally 
sufficient  to  fertilise  at  least  two  batches  of  eggs  in 
successive  winters,  and  it  is  highly  probable  that  the 
older  crabs  will  spawn  three  times  between  each  moult. 
Williamson  has  emphasised  this  point,  and  has  also  stated 
that  the  soft  female  which,  for  any  reason,  does  not 
become  fertilised,  will  cast  in  the  following  summer. 
The  frequency  of  ecdysis,  then,  in  mature  females  is 
influenced  by  the  condition  of  the  spermathecae,  and  it  is 
probable  that  on  this  account  the  older  females  will  cast 
less  frequently  than  the  younger  ones. 
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These  conditions  do  not  aftect  the  male.  In  the 
female  the  casting  time  is  of  double  importance,  as  it  is 
at  that  period  that  fertilisation  is  effected.  In  the  male, 
however,  ecdysis  would  appear  to  be  important  only  as  a 
period  of  growth.  It  appears  to  me,  therefore,  from  an 
examination  of  all  the  evidence  obtainable,  that  male 
crabs  above  six  inches  in  breadth  continue  to  cast  once  in 
two  years,  and  it  is  probable  that  this  is  the  case  until 
ecdysis  stops.  This  rule  cannot  be  an  invariable  one,  as 
there  are  a  few  records  of  male  crabs  which  have  not 
undergone  the  casting  process  for  at  least  three  years. 

My  suggestion  that  the  males  above  six  inches  cast 
more  frequently  than  the  females  of  a  similar  size,  and, 
therefore,  do  not  become  **  grannies,"  is  borne  out,  not 
only  by  an  examination  of  the  statistics  given  above,  but 
also  by  some  figures  which  I  quote  from  Williamson.* 
These  figures  give  a  comparison  of  hard  and  soft  mature 
crabs  taken  off  Dunbar.  I  have  only  included  those 
fiigures  dealing  with  the  casting  period. 


Date. 

Hard  crabs  above  4^ins. 

Soft  crabs  above  4^izi8. 

Males. 

Female^. 

Males. 

Females. 

Aug.  4,  1899     

26 

76 

83 

269 

117 

196 

60 

77 
104 
160 
206 

60 
200 
110 

1 
235 
140 
64 
66 
56 
22 

8 

Sept.  23,  1899 

144 

Oct.  27,  1899    

87 

Nov.  5,  1898     

32 

Nov.  17,  1899  

48 

Dec.  13,  1899   

42 

Dec.  20,  1897   

4 

Totals 

827 

917 

584 

365 

Total  number  of  males 1,411 

„  „  females  1,282 

In  other  words,  for  every  100  males  (hard  and  soft) 
there  are  91  females  (hard  and  soft).     For  every  100  soft 

♦  Williamson.    Eighteenth  Report,  page  102,  Table  V. 
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males  there  are  only  62  soft  females.  This  points  to  the 
fact  that  the  mature  males  east  more  often  than  the 
females.  It  is  probable  that  both  males  and  females  of 
between  four  and  a  quarter  inches  and  six  inches  cast  once 
in  two  years,  so  that  it  is  in  the  older  crabs  that  the  males 
cast  more  frequently  than  the  females.  I  do  not  attach 
too  much  importance  to  the  above  figures,  as  the  numbers 
are  too  small  to  justify  their  use  in  the  question  of  the 
frequency  of  casting.  So  far  as  they  go,  however,  they 
confirm  my  statement  that  the  female  crabs  over  six 
inches  do  not  cast  so  often  as  the  males  of  a  similar  size. 
It  is,  therefore,  probable  that  the  **  granny  '*  crabs  are  not 
diseased,  but  are  merely  females  ready  for  casting.  They 
are  only  found  amongst  females  of  over  six  inches  in 
breadth.  The  reason  why  smaller  females  and  males  of 
all  sizes  do  not  become  **  grannies  "  is  because  they  cast 
at  least  once  in  two  years. 

I  have  been  unable  to  find  any  reference  to 
*•  granny "  crabs  in  the  literature*  of  the  subject,  but 
Williamson  says  **  as  a  rule  the  shell  of  the  old  female 
crab  is  much  more  dirty  than  that  of  the  male."t  He 
attributes  this  dirtiness  to  the  fact  that  the  female  when 
carrying  eggs  lies  half  buried  in  the  mud.  This  explana- 
tion may  have  some  truth  in  it,  but  it  does  not  solve  the 
problem  as  to  why  only  female  crabs  above  six  inches  in 
breadth  become  discoloured. 

It  is  evident  that  the  various  processes  which  are 
characteristic  of  the  life-history  of  the  edible  crab  are 
subject  to  considerable  variation,  and  it  is  necessary  that 
further  investigations  should  be  made  before  the  numerous 
problems  can  be  regarded  as  being  solved. 

*  With  the  exception  of  a  preliminary  notice  by  Professor 
Herdman  in  Twenty-first  Annual  Report  of  the  L,M.B,C,  {Port  Erin 
Marine  Biological  Statioti),  p.  25. 

t  Williamson.    Eighteenth  Report ^  p.  110. 
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EXPLANATION    OF    PLATES. 

Reference  Letters. 

a.  (uc, — ^Anterior  accessory  muscle  of  the  scaphognathite. 

o.  aii. — Antennary  artery. 

ah.  1 — 6. — ^Abdominal  somites  1  to  6. 

oW. — ^Abdomen. 

dbs, — Lines  of  absorption. 

a.  ex.  B, — Tendon  of  the  anterior  extensor  of  basi-ischium  of  chela. 

o/. — ^Afferent  branchial  sinus. 

a/.  1. — ^Do.  of  the  podobranch  of  the  second  thoracic  somite. 

a/.  2. — Do.  of  the  arthrobranch  of  the  second  thoracic  somite. 

a/.  3. — Do.  of  the  podobranch  of  the  third  thoracic  somite. 

a/.  4. — Do.  of  the  anterior  arthrobranch  of  the  third  thoracic  somite. 

o/.  5. — D«).  of  the  posterior  arthrobranch  of  the  third  thoracic  somite. 

ajf.  6. — Do.  of  the  anterior  arthrobranch  of  the  fourth  thoracic  somite. 

a/.  7. — Do.  of  the  posterior  arthrobranch  of  the  fourth  thoracic  somite. 

ajf.  8. — Do.  of  the  pleurobranch  of  the  fifth  thoracic  somite. 

a/.  9. — ^Do.  of  the  sixth  thoracic  somite. 

a.  /.  f,. — ^Anterior  flexor  of  the  flabellum  of  the  first  maxillipede. 

a.  gl. — ^Antennary  gland. 

o.  t.  p. — Antero-in&rior  pyloric  ossicle. 

a.  Vb. — Antero-lateral  lobe  of  the  bladder. 

a.  mej. — Anterior  mesopyloric  ossicle. 

am'p, — Pyloric  ampulla. 

amfp,  C— Supra-ampuUary  ridge. 

a^,  n. — Nerve  of  the  first  antenna;  a^.  n. — Nerve  of  the  second  antenna. 

a-nX, — Second  antenna  ;  anJ^- — First  antenna  (antennule). 

a.  oe.  Jb, — ^Anterior  oesophageal  lobe  of  the  bladder. 

oo.  Vb, — Outer  portion  of  the  antero-lateral  lobe  of  the  bladder. 

o.  o8^. — Anterior  ostia  of  the  heart. 

a.  'pL. — ^Anterior  pleuropyloric  ossicle. 

apoph. — Apophysis  of  the  mandible. 

art.  1 — etc. — Branches  of  the  sternal  artery  supplying  the  first  and 

following  post-oral   cephalothoracic  appendages. 
a.  8. — ^Antero-superior  dilator  muscles  of  the  fore-gut. 
a.  8.  a. — ^Anterior  supra-ampullary  ossicle. 
08.  lb. — Anterior  oesophageal  lobe  of  the  bladder. 
a.  t.  I. — Lateral  accessory  tooth. 

B. — Basipodite. 

6c.  1 — 5. — Branchio-cardiac  veins  1  to  6. 

B-I. — Basi-ischiopodite. 

W.— Bladder. 

h.  m. — Basement  membrane. 

6r.— Gills. 

hr.  eh. — Branchial  chamber. 

hr.  e. — Branchial  excretory  organ. 

br.  8.  1 — 5. — Branchial  sinuses  1  to  6. 

C, — Coxopodite. 

C^. — Carpopodite. 

caec. — Mid-gut  caecum. 

c.  al. — ^Antero-lateral  cardiac   muscles. 

c.  ant. — Anterior  cardiac  muscles. 

card. — Cardiac  portion  of  the  fore-gut. 

cd.  1. — Dorsal  antero-lateral  muscles  of  the  heart. 

cd.  2. — Ventral  antero-lateral  muscles  of  the  heart. 
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cd.  3. — DoFHal  postero-lateral  muscles  of  the  heart. 

cd.  4. — Ventral  postero-lateral  muscles  of  the  heart. 

cd.  5. — Posterior  muscle  of  the  heart. 

cd.  6. — Lateral  posterior  muscle  of  the  heart. 

cd.  al. — Antero-lat<?ral  cardiac  plat^. 

cd.  pi. — PoHtero-lateral   cardiac   plate, 

c.  g. — Cerebral  ganglia. 

ch. — Cliela. 

ch.  ep. — Epidermis  (chitogenous  epithelium). 

c.  1. — Postero -inferior  cardiac  muscle. 

c.  Int. — Lateral  cardiac;  muscles. 

f.  m. — Circular  muscles. 

c.  lob. — Cerebral  lobe  of  the  bladder. 

en. — Cornea. 

e.  oe. — Constrictor  mus(^les  of  the  oesophagus. 

( 'om.—  C  ommis'.ure. 

corn. — Corneagen  (cells  of  ommatidium). 

r.  p.  r. — Cardio-pyloric   valve. 

c.  py. — Cardio-pyloric  muscles. 

c.  t. — Connective  tissue. 
ct.  gl. — Cutaneous  gland. 
cut. — Cuticle. 

I). — Dacty  lopodite. 

d.  ai. — Antero-inferior  dilator  muscle  of  the  cardiac  fore-gut. 
d.  art. — Descending  artery. 

Der. — Dermis. 

d.  ex.  C. — Tendon  of  the  dorsal  extensor  muscle  of  the  coxopodite. 

d.  f.  ex. — Dorsal  flexor  muscle  of  the  exopodite. 

d.  g. — Duct  of  the  gland. 

di.  gl. — Digestive  gland. 

d.  I. — Deeper  layer  of  the  cornea. 

d.  la. — Antero-lateral  dilator  muscle  of  the  cardiac  fore-gut. 

d.  Ip. — Postero-lateral  dilator  muscle  of  the  cardiac  fore-gut. 

d.  8up. — Dorsal  pyloric  muscle. 

d.  V.  m. — Dorso- ventral  muscles. 

E. — Epistoma. 

c.  a.  md. — External  adductor  muscle  of  the  mandible. 

e.  h.  md. — External  abductor  muscle  of  the  mandible. 
e,  U. — Epithelium  of  the  bladder. 

c.  d. — Ejoculatory  duct. 

c.  es. — Epithelium  of  the  end-sac. 

«/. — Efferent  vessel. 

ef.  1 — 9. — Efiferent  vessels  of  gills  1  to  9. 

c.  lb. — Epigastric  lobe  of  the  bladder. 

end. — Endopodite. 

end.  8. — End  sac. 

ep.  4 — 12. — Endopleurites  of  somites  4  to  12. 

epm.  1 — 19. — Epimera  of  somites  I — 19. 

c.  St.  4 — 12. — Endoste mites  of  somites  4  to  12. 

e.  8t.  13. — Last  thoracic  arthrophragm  (**  sella  turcica*'). 

e.  tu. — Epithelium  of  the  renal  tubule  of  the  labyrinth. 

ex. — Exopodite. 

ex.  1 — 6. — Extensor  muscles  of  the  abdominal  somites  1  to  (>. 

ex.  B. — Tendon  of  the  extensor  muscle  of  the  basi-ischiun. 

ex.  C, — Tendon  of  the  extensor  muscle  of  the  coxopodite. 

ex.  C^. — Tendon  of  the  extensor  muscle  of  the  carpopodite. 

ex.  fi,  (Fig.  29). — Extensor  muscle  of  the  flabellunu 
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ex.  fi.  (Pig.  30). — Extensor  muscle  of  the  flagellum. 

ex.  Tprot. — Extensor  muscle  of  the  protopodite. 

ex.  py. — Exopyloric  ossicle. 

ext.  D. — Tendon  of  the  extensor  muscle  of  the  daotylopodite. 

ext.  ex. — Extensor  muscle  of  the  exo|)odite. 

exi.  P. — Tendon  of  the  extensor  muscle  of  the  i>ropodite. 

ex.  td. — Extensor  muscle  of  the  telson. 

/.  1 — 6. — Flexor  muscles  of  the  abdominal  somites  1  to  6. 

f.  B. — Tendon  of  the  flexor  muscle  of  the  basi-ischium. 
/.  c. — Fat  cell  of  the  digestive  gland. 

/.  C. — Tendon  of  the  flexor  muscle  of  the  coxopodite. 

/.  C. — Tendon  of  the  flexor  muscle  of  the  carpopodite. 

/.  D. — Tendon  of  the  flexor  muscle  of  the  daotylopodite. 

fiab. — Flabellum  (epipodite). 

flag. — Flagellum. 

fL  m. — Muscles  from  the  top  of  the  "  gland  "  to  the  carapace. 

/.  m.  1. — Flabellum  of  the  hrst  maxillipede. 

/.  m.  2. — Flabellum  of  the  second  maxillipede. 

/.  m.  3. — Flabellum  of  the  third  maxillipede. 

/.  m.  c. — Ferment  cell  of  the  digestive  gland. 

/.  o. — External  female  genital  opening. 

/.  p. — Fracture  plane. 

/.  P. — Tendon  of  the  flexor  muscle  of  the  propodite. 

/.  prot. — Flexor  muscle  of  the  protopodite. 

/.  tel. — Flexor  muscle  of  the  telson. 

/.  V. — Ferment  vesicle. 

g.  1. — First  gill.     Podobranch  of  the  second  thoracic  somite. 

g.  2. — Second  gill.     Arthrobranch  of  the  second  thoracic  somite. 

g.  3. — Third  gill.     Podobranch  of  the  third  thoracic  somite. 

g,  4. — Fourth  gill.     Anterior  arthrobranch  of  the  third  thoracic  somite. 

g.  6. — Fifth  gill.     Posterior  arthrobranch  of  the  third  thoracic  somite. 

g.  6. — Sixth  gilL     Anterior  arthrobranch  of  the  fourth  thoracic  somite. 

g.  7. — Seventh  gill.     Posterior  arthrobranch  of  fourth  thoracic  somite. 

g.  8. — Eighth  gill.     Pleurobranch  of  the  fifth  thoracic  somite. 

g,  9. — ^Ninth  gul.     Pleurobranch  of  the  sixth  thoracic  somite. 

g,  a. — ^Anterior  eastric  muscle. 

g.  f. — Fat  globiues. 

g,  lb. — Paragastric  lobe  of  the  bladder. 

g.  p.  e. — External  posterior  gastric  muscle. 

g.  p.  i. — Internal  posterior  gastric  muscle. 

h, — Seta  of  the  endopodite  of  the  pleopod  of  the  female. 

h.  art, — Hepatic  artery. 

h,  g. — Hind  gut. 

h.  L — Hepatic  lobe  of  the  bladder. 

/.  — Ischiopodite. 

to.  arL — Inferior  abdominal  artery. 

*.  a.  /. — Inter  ampullary  fold. 

i.  a.  md. — Internal  adductor  muscle  of  the  mandible. 

i.  b.  md. — Internal  abductor  muscle  of  the  mandible. 

i,  b.  8. — ^Inter-branchial  septum. 

t.  eaec — Hind-gut  caecum. 

i,  e.  m. — Inner  flexor  muscle  of  the  first  maxilla. 

(.  ex. — dinner  flexor  muscle  of  the  soaphognathite  (t.  ex,  »,,  Fig»i.  27.  31). 

i.  /. — ^Inner  extensor  muscle  of  scaphognathite. 

t.  /.  m. — Inner  extensor  muscle  of  first  maziUa. 
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gl. — Glands  of  the  hind-gut. 
I. — Infero-latiTal  cardiac  tooth. 

m.  ex. — Inner  median  flexor  muscle  of  the  scaphojrnathite. 
m.  /. — Inner  median  extensor  muscle  of  the  scaphoj^nathite. 
py.  e. — External  inferior  dilator  muscle  of  the  ])yi()ric  fore-gut. 
py.  I. — Internal  inferior  dilator  muscle  of  the  ]>yloric  fore-gut. 
.  s. — Infra-branchial  sinus. 

7*.  d. — Junction  between  the  descending  art<jry  and  the  sternal  artery. 

/. — Gill  lamella. 

lab. — Labrum. 

lai.  i. — Lateral  teeth. 

/.  ex.  prot. — Lateral  extensor  muscle  of  the  protopodite. 

I.  f.  prot. — Lateral  flexor  muscle  of  the  protopodite. 

/.  g.  n. — Lateral  gastric  nerve. 

lig. — Ligament. 

I.  m. — Longitudinal  muscle. 

l.  py. — Lateral  pyloric  ossicle. 

i.  8. — Lamella  blood  sinus. 

M. — Meropoditc. 

m.a^. — Muscle  chamber  of  first  antenna. 

m.a^. — Muscle  chamber  of  second  antenna. 

mand. — Mandible. 

m.  c. — Mesocardiac  ossicle. 

md.  palp. — Mandibular  palp. 

med.  p. — Median  plate  of  cndophragmal  system. 

met. — Metastoma. 

m.  ex,  C. — Extensor  muscle  of  the  carpopodite. 

m.  ex.  M. — Extensor  muscle  of  the  meropodite. 

m.  ext.  D. — Extensor  muscle  of  the  dactylopodite. 

m.  ext.  P. — Extensor  muscle  of  the  propodite. 

m.  /.  C. — Flexor  muscle  of  the  carpopodite. 

m.  /.  D. — Flexor  muscle  of  the  dactylopodite. 

m.  /.  M. — Flexor  muscle  of  the  meropodite. 

m.  /.  P. — Flexor  muscle  of  the  propodite. 

m.  g. — Mid-gut. 

m.  o. — Male  genital  opening. 

m.  py. — Middle  pyloric  ossicle. 

m,  8.  a. — Middle  supra-ampullary  ossicle. 

M.  V. — Main  vesicle. 

mx"^. — First  maxillipede. 

mx'^. — Second  mantlipede. 

mx'^. — Third  maxillipede. 

n. — Nucleus. 

n.  1. — n.  9. — Nerves  arising  from  the  ventral  nerve  mass  of  the  thorax 

n.  ab. — Abdominal  nerve. 

n.  c. — Nerve  commissure. 

w.  /. — Foramen  of  ventral  nerve  mass  for  descending  artery. 

n.  i. — Nerve  to  hind-gut. 

n.  /. — Nerve  to  digestive  gland. 

n.  m. — ^Nerve  to  tne  mandibular  muscles. 

n.  po, — Transverse   post-oesophageal  connective. 

n.  t. — Nerve  to  the  integument. 

o. — Eye. 

o.  art, — Ophthalmic  artery. 

oe, — Oesophagus. 
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ot,  ai. — Antero-inferior  dilator  muscle  of  the  oesophagus. 

oe,  as. — Antero-superioT  dilator  muscle  of  the  oesophagus. 

oe.  I. — Lateral  dilator  muscle  of  the  oesophagus. 

o.  e.  m. — Outer  flexor  muscle  of  the  first  manlla. 

oe.  p. — Posterior  dilator  muscle  of  the  oesophagus. 

o.  ex. — Outer  flexor  muscle  of  the  scaphognathite  {o.rx.s..  Figs.  27,  31;. 

o.  /. — Outer  extensor  muscle  of  the  scaphognathite. 

o.  /.  m. — Outer  extensor  muscle  of  the  first  maxilla. 

o.  g. — Optic  ganglion. 

o.  /.  8. — Outer  lamellar  sinus. 

o.  m.  c. — Ophthalmic  muscle  chamber. 

o.  m.  ex. — Outer  median  flexor  muscle  of  the  scaphognathite. 

o.  m.  f. — Outer  median  extensor  muscle  of  the  scaphognathite. 

om.  n. — Ooulo-motor  nerve. 

o.  n. — Optic  nerve. 

o.  n.  fb. — Optic  nerve  fibres. 

op. — Operculum  of  excretory  opening. 

op"^. — Inner  side  of  operculum. 

op.  h.  8. — Ophthalmic  blood  sinus. 

o.  ped. — Optic  peduncle. 

o.  py. — ^Pyloric  ossicle. 

ofh. — Orbit. 

ov. — Ovary. 

ov.  art, — Ovarian  artery. 

ovd. — Oviduct. 

P. — Propodite. 

P.  1—4.— Walking  legs  1  to  4. 

p.  1 — 2. — 1st  and  2nd  abdominal  appendages  of  male. 

p.  ace. — Posterior  accessory  muscle  of  the  scaphognathite. 

p.  c.  p. — Pro-cephalic  processes. 

pee. — Pectineal  ossicle. 

ped. — Eye  peduncle.  • 

Per. — Pericardium. 

per.  gl. — **  Pericardial  pouch." 

p.  ex.  B. — Tendon  of  the  posterior  extensor  muscle  of  the  basi-isohium. 

p.  f.  B. — Tendon  of  the  posterior  flexor  muscle  of  the  ba8i-i.«^chium. 

p.  g. — Paroesophageal  ganglion. 

pg.  c. — Pigment  cell. 

pg.  i. — Inner  pigmented  layer  of  the  eye. 

p.  g.  n. — Posterior  gastric  nerve. 

pg.  o. — Outer  pigmented  layer  of  the  eye. 

pig.  I. — Pigment  layer. 

pi.  art. — Postero-lateral  artery.  ' 

p.  lb. — Progastric  lobe  of  the  bladder. 

p.  mes. — Posterior  mesopyloric  ossicle. 

p.  n. — Postero-lateral  nerve. 

pod.  br. — Podobranch. 

p.  o.  lb. — Post-oesophageal  lobe  of  the  bladder. 

p,  08t. — Posterior  ostia  of  the  heart. 

pp. — Pleuropyloric  wall. 

p,  pec. — Prepectineal  ossicle. 

prot.  — ^Protopodite. 

pr.  p. — Propyloric  ossicle. 

p.  8.  a. — Posterior  supra-ampullary  ossicle. 

pt.  c. — Pterocardiac  ossicle. 

pL  pee. — Post- pectineal  ossicle. 

pyL — ^Pyloric  reffion  of  the  fore-gut. 

py.  lat. — Lateral  pyloric  muscles. 
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r.  br. — Roof  of  the  pre-brauchial  chamber. 
ret. — Cells  of  the  retinula. 
rJiob. — Rhabdome. 
rost.  — Rostrum. 

51.  —^10.  —Sterna  of  somites  1  to  19. 

8.  a^.  — Socket  of  first  antenna. 

*.  a^.  — Socket  of  second  antenna. 

sa,  art. — Superior  abdominal  artery. 

8.  amp. — Supra-ampullary  wall  of  the  pyloric  region  of  the  fore-gut: 

sal.  g. — Salivary  (oesophageal)  glands. 

*.  art. — Sternal  artery. 

«&. — Striated  border  of  the  cell. 

9eaph. — Scaphognathite. 

*.  ci. — Blood  sinus  from  the  chela. 

*.  dt. — Subdentary  ossicle. 

8.  h,,  8.  hr. — Sub-nepatic  region  of  carapace. 

8.  I. — Supraciliary  lobe. 

*.  lb. — Supra-hepatic  lobe  of  the  bladder. 

8.  mx.  2. — Blood  sinus  from  the  second  mazillipede. 

8.  mx.  3. — Blood  sinus  from  the  third  maxillipede. 

*.  Pi. — 8.  P.  4. — Blood  siniis  from  the  walking  legs  1  to  4. 

8p.  a. — Frontal  spine. 

8p.  d. — Dorsal  spine. 

8p,  I. — Lateral  spine. 

8pt. — Spermatheca. 

8t, — Stalk  of  the  egg  attached  to  the  seta  of  the  endopodite. 

8t.  g. — Stomatogastrio  ganglion. 

8t.  I. — Inferior  root  of  the  stomatogastrio  nerve. 

8t,  n. — Stomatogastrio  nerve. 

8t.  8. — Superior  root  of  the  stomatogastric  nerve. 

t  e.  ex. — Tendon  of  the  extensor  muscle  of  the  exopodite. 

te/.— Telson. 

test. — Testis. 

t.  ex.  ab. — Tendon  of  the  cxt<Tnal  abductor  muscle  of  the  mandible. 

t.  ex.  ad. — Tendon  of  the  external  adductor  muscle  of  the  mandible. 

t.  ex.  M. — Tendon  of  the  extensor  muscle  of  the  meropodito. 

t,  f.  ex. — Tendon  of  the  flexor  muscle  of  the  exopodite. 

t.  g.,  t.  J7m.— Ventral  thoracic  nerve  mass. 

t.  int.  ad. — Tendon  of  the  internal  adductor  muscle  of  the  mandible. 

t.  n. — Tegumentary  nerve. 

tu. — Renal  tubule  of  the  labyrinth. 

u.  c. — Urocardiac  ossicle. 
up.  f. — Uropyloric  fold. 
u.  py. — Uropyloric  ossicle. 

V. — Globules  in  the  epithelial  cells  of  the  mid-gut. 

vol. — Pyloric  valves. 

V.  d. — Vas  deferens. 

V.  ex.  C. — Tendon  of  the  ventral  extensor  muscle  of  the  coxopodite. 

V.  /.  ex. — Ventral  flexor  muscle  of  the  exopodite. 

vit. — Vitrella  (colls  of  the  ommatidium). 

V.  m. — Egg  membranes. 

V.  oe.  g. — ^Ventral  oesophageal  cutaneous  glands. 

y.  c — Young  cells  of  the  tubules  of  the  digestive  gland. 
y.  gr. — Yolk  granules. 

«.  6. — ^ZygooardiM  OMiole. 
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Plate  I. 

Fig.     1.     Cancer  j>agurus,  from  above.     Small  specimen. 

Fig.  2.  C.  pagurus,  female,  from  below.  Only  the 
stumps  of  the  pereiopods  are  shown.  This 
figure  shows  the  shape  of  the  abdomen,  and 
also  the  **  pleural  groove.''      x  i. 

Fig.  3.  C.  pa  gums  J  male,  from  below.  Only  the 
stumps  of  the  pereiopods  are  shown,      x  i. 

Plate   II. 

Fig.  4.  First  antenna  (antennule)  of  right  side,  seen 
from  below,      x  2. 

Fig.     5.     Kight  second  antenna,  from  below.       x  2. 

Fig.  G.  Hight  mandible,  from  below.  The  apophysis 
is  also  shown  with  the  tendons  of  the  external 
adductor,  the  internal  adductor  and  the 
external  abductor  muscles,      x   1. 

Right  first  maxilla,  from  below,      x   1. 

Right  second  maxilla  and  scaphognathite^  from 
below.      X  1. 

Right  first  maxillipede,  from  below,      x    1. 

Right    second    maxillipede,   with    podobranch, 
from  below,      x   1. 

Right    third    maxillipede,    with    podobranch, 
from  below,      x  1. 

Anterior  view  of  the  right  chela  (first  pereio- 
pod).      X  1. 

Anterior  view  of  the  right  third  walking  leg 
(fourth  pereiopod).      x    1. 

First   abdominal  appendage  of  male  of   right 
side.      X  1. 

Second  abdominal  appendage  of  male  of  right 
side.      X  1. 

First  and  second  abdominal  appendage  of  male, 
viewed  from  left  side,      x  1. 

Anterior  view  of  a  right  abdominal  appendage 
of  female,      x   1. 
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Plate  III. 

Fig.  18.  The  endopliragmal  system  viewed  from  above. 
On  the  right  side  the  thoracic  epimera  have 
been  removed  in  order  to  display  the  eiulo- 
pleurites.  The  following  parts  have  also  been 
removed: — The  carapace,  with  the  exception 
of  the  anterior  portion  of  the  sub-hepatic 
region ;  the  membranous  roof  of  the  branchial 
chamber ;  the  abdomen ;  the  cephalothoracic 
appendages  (with  the  exception  of  the 
mandibles) ;  the  gills ;  and  all  the  soft  parts  of 
the  body,      x  1. 

Fig.  19.  The  sternum  of  the  pre-oral  cephalic  region, 
viewed  from  above.  The  dorsal  part  of  the  cara- 
pace has  been  removed,  as  well  as  the  pre-oral 
cephalic  appendages  and  the  soft  parts,      x  2. 

Fig.  20.  The  sternum  of  the  pre-oral  cephalic  region, 
from  below.  The  first  and  second  antennae  of 
the  left  side  have  been  removed  to  display  their 
sockets  and  muscle  chambers.  The  long 
peduncle  of  the  left  eye  is  shown,  and  also  the 
labrum.      x  2. 

Fig.  21.  Anterior  and  ventral  view  of  the  right  chela. 
The  anterior  wall  of  each  segment  has  been 
cut  out,  and  the  soft  parts  removed  in  order  to 
display  the  tendons,      x    !j-. 

Fig.  22.  Posterior  view  of  the  basal  portion  of  the  second 
walking  leg  (right  side).  The  posterior  wall 
of  the  coxopodite  has  been  remov-ed  in  order  to 
display  the  tendons  of  that  segment  and  also 
of  the  basi-ischium.      x  1. 

Fig.  23.  Posterior  view  of  the  base  of  the  last  walking 
leg  of  the  right  side.  The  posterior  wall  of  the 
coxopodite  has  been  removed  in  order  to 
display  the  tendons  of  the  coxopodite  and  of 
the  basi-ischium.      x   1. 

Plate  IV. 

Fig.  24.  Vertical  section  through  the  integument  of  a 
soft  crab,     x  550. 
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Fig.  25.  Right  abdominal  appendage  of  female,  viewed 
from  behind.  To  show  the  muscles  of  the 
protopodite  and  exopodite,  the  posterior  walls 
of  the  protopodite,  exopodite  and  endopodite 
have  been  removed,      x   3. 

Fig.  26.  Anterior  view  of  the  right  first  maxilla,  in  order 
to  show  the  muscles,      x  2. 

Fig.  27.  Anterior  view  of  the  right  second  maxilla,  to 
show  the  extensor  muscles  of  the  scapho- 
gnathite.      x  1^. 

Fig.  28.  Anterior  view  of  the  right  second  maxilla,  in 
order  to  show  the  muscles  of  the  scapho- 
gnathite.  The  extensor  muscles  have  been 
cut  short,  and  the  basal  and  inner  portions  of 
the  scaphognathite  have  been  opened  in  order 
to  show  the  flexors  and  accessory  muscles. 
X  1^.  (To  see  this  appendage  in  its  natural 
position,  the  figure  must  be  rotated  to  the  left 
through  an  angle  of  45°.) 

Fig.  29.  Posterior  view  of  part  of  the  first  maxillipede 
of  the  right  side,  in  order  to  show  the  muscles 
of  the  maxillipede  and  flabellum.  The  posterior 
flexor  and  the  extensor  muscles  of  the 
flabellum  are  cut  through,      x   2. 

Fig.  30.  Posterior  view  of  the  third  maxillipede  of  the 
left  side.  The  ventral  walls  of  the  various 
parts  have  been  removed  in  order  to  display 
the  muscles.  x  1^.  (The  base  of  the 
appendage  is  to  the  left  of  the  figure.) 

Fig.  31.  A  dissection  of  the  anterior  part  of  the  cephalo- 
thorax  to  display  the  muscles  of  that  region. 
The  dorsal  portion  of  the  carapace  has  been 
removed,  and  also  the  soft  parts,  with  the 
exception  of  the  muscles,      x  2. 

Fig.  32.  Dissection  of  the  female  abdomen  from  the 
ventral  side  to  displav  the  extensor  muscles. 
The  ventral  wall  and  appendages  have  been 
removed,  as  well  as  all  the  soft  parts,      x   |. 

Fig.  33.  Semi  -  diagrammatic  longritudinal  section 
through  the  abdomen  of  the  female,  to  show 
the  extensor  and  flexor  muscles,      x  |^. 
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Plate  V. 

Fig.  34.  A  dissection  from  above  to  display  the  various 
parts  of  the  alimentary  canal.  The  dorsal 
part  of  the  body  has  been  removed,  as  well  as 
the  gonads.  The  gills  are  not  shown.  The 
digestive  gland  is  only  shown  on  the  left  side. 

Fig.  35.  Vertical  transverse  section  through  the 
oesophagus,  to  show  especially  the  oesophageal 
glands.      X    35. 

Fig.  36.  Transverse  section  through  the  pyloric  region 
of  the  fore-gut.      x  30. 

Fig.  37.  Transverse  section  through  a  tubule  of  the 
digestive  gland,      x  120. 

Fig.  38.     A  "  fat  cell ''  of  the  digestive  gland,      x   430. 

Fig.  39.     A  "  ferment  cell ''  of  digestive  gland,     x  430. 

Plate  VI. 

Fig.  40.  The  fore-gut  from  the  left  side,  showing  the 
ossicles,      x   1^. 

Fig.  41.     The  pyloric  region  of  fore-gut,  dorsal  view,  x  3. 

Fig.  41^.  Anterior  view  of  the  pro-pyloric  ossicle,     x  4. 

Fig.  42.  Transverse  section  through  the  region  of  the 
green  gland,  to  show  the  parts  of  the  bladder. 
Onlv  one  side  shown,      x  8. 

Fig.  43.     The  ossicles  of  gastric  mill,  from  above,    x  2. 

Fig.  44.  The  ossicles  of  the  gastric  mill,  from  below. 
The  fore-gut  has  been  opened  ventrally.  The 
left  zygocardiac  ossicle  has  been  rotated  in 
order  to  show  the  lateral  teeth,      x   3. 

Plate  VII. 

Fig.  45.  The  fore-gut  from  the  left  side,  showing  the 
intrinsic  and  extrinsic  muscles,      x    3. 

Fig.  46.  Anterior  view  of  the  fore-gut,  to  show  the 
muscles,      x   1^. 

Fig.  47.  The  fore-gut  from  above,  showing  the  intrinsic 
and  extrinsic  muscles.      x    1^. 

cc 


40*2 

Fig.  48.  The  fore-gut  from  behind,  showing  the  intrinsic 
and  extrinsic  muscles.  The  postero-lateral 
(lihitor  has  been  cut  near  its  insertion  at  the 
right  side  in  order  to  show  the  antero-lateral 
dihitor  muscle.  The  right  posterior  dilator  of 
the  oesophagus  has  also  been  cut  in  order  to 
expose  the  lateral  dilators  of  oesophagus,     x  :\. 

Fig.  49.     Dorsal  view  of  the  heart.      x   2. 

Fig.  50.     View  of  the  heart  from  the  left  side.      x    2. 

Plate  VIII. 

Fig.  51.  General  view  of  the  blood  system  from  above. 
The  dorsal  region  of  the  carapace  has  been 
removed.  On  the  right  side  the  organs  remain 
intact,  but  on  the  left  side  the  ovary  and 
digestive  gland  have  been  removed.  One  gill 
on  the  left  side  has  also  been  turned  outward 
in  order  to  show  the  afPerent  branchial  vein 
and  the  branchio-cardiac  vein.  In  this  region, 
also,  the  flabella  of  the  second  and  third 
maxillipedes  are  seen  lying  beneath  the  gills. 
The  course  of  the  bladder  is  shown  on  the  left 
side.      X  1. 

Plate  IX. 

Fig.  52.  View  of  ventral  region  of  post-oral  cephalo- 
thorax    to   show    the    sternal    arterv    and    its 

■ 

branches.  All  the  muscles  have  been  removed. 
On  the  right  side  the  arteries  going  to  the  legs 
are  cut  short.  The  inferior  abdominal  arterv 
is  also  cut  short.      x    J. 

Fig.  53.  Dissection  of  abdomen  from  the  dorsal  side  to 
show  the  superior  abdominal  artery.  The 
tergal  region  of  the  abdomen  has  been 
removed,      x    1. 

Fig.  54.  Dissection  of  the  posterior  region  of  the  thorax 
to  show  the  pericardi\im,  heart,  branchio- 
cardiac  veins  and  efferent  branchial  veins. 
Only  seven  of  the  gills  are  shown  on  the  left 
side,  and  on  the  right  side  only  the  roots  of  the 
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nine  ^ills  aie  shown.  On  the  right  side  the 
epimeral  wall  has  been  removed  in  order  to 
show  the  course  of  the  branchio-cardiac  veins, 
and  also  to  show  the  conneetion  between  the 
latter  and  the  pericardium,      x   1. 

Fig.  55.  A  dissection  of  the  epimeral  region  of  the 
thorax  from  the  right  side,  in  order  to  show 
the  positions  of  the  branchial  sinuses,  the 
infra-branchial  sinus,  the  aiferent  branchial 
sinuses,  and  also  the  sinuses  coming  from  the 
thoracic  legs,      x    1. 

Fig.  5H.  Diagrammatic  section  through  the  thorax  in 
the  region  of  the  heart,  to  show  the  blood 
system  and  the  general  arrangement  of  the 
organs.  The  tendons  of  the  first  walking  legs 
are  shown,      x  ^. 

Plate   X. 

Fig.  57.  Dissection  of  the  left  side  to  show  the  exten- 
sions of  the  bladder.  The  dorsal  region  of  the 
larapace  has  been  removed.  The  fore-gut  has 
been  cut  through  at  the  oesophagus  and 
removed.  The  gonads  and  the  digestive  gland 
have  also  been  taken  awav.  The  antennarv 
gland  is  represented  by  a  dotted  circle,      x   1. 

Fig.  58.     Semi-diagrammatic     sagittal     (vertical     longi- 
tudinal) section  of  the  antennary  gland.     The 
anterior    part    of  the   gland    is    to    the    right, 
x    60. 

Fig.  59.  Detailed  drawing  of  part  of  previous  figure, 
showing  the  epithelial  c;ells  of  the  bladder,  end 
sac  and  the  renal  tubule.      x  90. 

Fig.  fiO.  Section  through  the  mass  of  cutaneous  glands 
opening  on  to  the  epistoma.      x   210. 

Fig.  Hi.  Section  showing  the  ejiithelial  cells  of  the  mid- 
gut, with  characteristic  striated  border,  x  550. 

Fig.  G:^.  Longitudinal  section  through  part  of  the  wall 
of  the  hind-gut,  about  the  middle  of  the 
abdomen,  showing  cutaneous  glands,     x  105. 
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Fig.  6'3.  Dorsal  view  of  the  gills  of  the  left  side  in  their 
natural  position,  lying  upon  the  thoracic 
epimera.  The  roofs  of  the  branchial  and  pre- 
branchial  chambers  have  been  removed.  The 
scaphognathite  has  been  turned  over  to  the 
inner  side,  in  order  to  show  the  maxillipedes. 
The  flabellum  of  the  first  maxillipede  is  shown 
lying  upon  the  gills  (the  longitudinal  axis  of 
the  body  is  at  an  angle  of  60°  with  the  long 
axis  of  this  plate),      x  1. 

Fig.  64.  View  of  the  branchial  chamber  of  the  left  side. 
Each  gill  has  been  removed  at  its  base,  so  that 
only  the  points  of  attachment  of  the  gills  are 
shown.  The  scaphognathite  and  first  maxilli- 
pede (with  flabellum)  have  been  removed.  By 
removing  the  ^ills  the  flabella  of  the  second 
and  third  maxillipedes  are  exposed,      x    1. 


Plate  XI. 

Fig.  65.  Diagrammatic  transverse  section  across  a  gill, 
showing  the  branchial  septum,  the  aflerent  and 
efferent  vessels  and  the  lamellae,      x    3. 

Fig.  66.  Longitudinal  section  through  a  gill  in  the 
region  of  the  afferent  vessel,      x    100. 

Fig.  67.  Transverse  section  through  a  gill,  to  show- 
especially  the  branchial  excretory  cells  in  the 
septum.      X  24. 

Fig.  68.  A  dissection  of  the  nervous  system  from  above. 
The  alimentary  canal  has  been  cut  through  the 
region  of  the  oesophagus  and  removed,  but  the 
stomatogastric  system  is  shown.  The  nerves 
arising  from  the  left  side  of  the  cerebral 
ganglia  are  alone  shown.  Those  of  the  right 
side  have  been  cut,  only  the  nerves  arising 
from  the  right  side  of  the  thoracic  ventral  mass 
are  shown.  The  abdominal  nerve  is  only 
shown  as  far  as  the  anterior  region  of  the 
abdomen,      x  1. 
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Fig.  ()9.  Longitudinal  section  through  the  eye.  The 
optic  ganglion  is  also  shown,      x    12. 

Fig.  70.  Enlarged  drawing  of  two  of  the  ommatidia 
from  the  previous  figure.      x  450. 

Fig.  71.  Transverse  section  across  one  of  the  ommatidia 
in  the  previous  iigure,  through  the  rhabdome 
and  ret  inula  e.      x  1000. 

Fig.  72.  Transverse  section  across  one  of  the  ommatidia 
in  the  previous  figure,  through  the  vitrella  and 
the  pigment  cells,      x  1000. 

Fig.  7'i.  Surface  view  of  the  cornea,  showing  one  of  the 
corneal  facets,      x  750. 

Fig.  74.  Olfactory  seta  taken  from  the  exopodite  of  the 
first  antenna,      x   1100. 

Fig.  75.  Auditory  seta  ('*  hooked  seta  "j  from  the  audi- 
tory sac  of  the  first  antenna,     x  400. 

Fig.  76.  Auditory  seta  (*'  group  seta  ")  from  the  auditory 
sac  of  the  fii'st  antenna,      x  300. 

Plate   XII. 

Fig.  77.  Reproductive  system  of  a  fairly  mature  female, 
showing  the  double  ovary,  the  spermathecae 
and  the  oviducts,      x   1. 

Fig.  78.  Reproductive  system  of  an  immature  male, 
showing  the  paired  testes,  the  vas  deferens  and 
the  ejaculatory  duct.  The  fore-gut  is  also 
shown  in  position,      x  2. 

Fig.  71).  Section  through  an  almost  ripe  ovary,  showing 
the  eggs  filled  with  yolk  granules.  The 
details  are  only  inserted  in  one  egg.      x    190. 

Fig.  80.  A  very  early  stage  in  the  development  of  the 
embryo,  attached  to  a  seta  of  an  endopodite 
of  a  female  pleopod.  This  drawing  shows  tlie 
method  of  attachment.      x   50. 

Fig.  81.  Ripe  spermatozoon,  sliowing  the  two  processes. 
Taken  from  spermatheca  of  fc»mah\      x  1400. 

Fig.  82.  Some  of  the  epithelial  cells  of  the  bladder  of  the 
excretory  system.  The  striated  nature  of  the 
protoplasm  is  shown,      x  650. 


Fig.  S:{.     ProloKoea  i»f  ('/unci-  p/ii/urim,  two  hoi 
liHtcliitig.     View  frnni  tlie  left  siili- 

Fip.  S4.     Tel.i»in  of  tlip  atimi'  xiagf.  from  nbo 

Fip.  M'l.     y.imt    (if    Ciiiii-rr    jint/iiriui,    Ihirty 

hatching,  showing  thp  uiaximuni  <U>v 
of  t!ip  frontal  and  dorsal  spines. 

Fig.  8H.     Dorsal  view  of  the  cephalo thorax  of  the  i 
stage.     The  dorsal  and  frontal  spiiiPs  are  e 
off  short.      X    110. 

Fig.  87,     Telson  of  the  same  jttage,  from  abov< 
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